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2-A TuNorpapua Vsparenpcrsa AKkajemuu Hayk CCCP, Mocxsa, Iy6uucknit nep., 


JIEOH ABPAPOBUYY OPBEJIN 


| (7 VII 1882—9 XII 1958) 


9 mekaOpaA nocie WIMTeIbHOH u TAKEO OouesHH CKOHYAaICA akallemukK 
Jleon AOrapospuy Op6enn. Ero cmeptb sABJIAeTCA HeBO3MeCTHMOM moTepeli 
WI COBETCKOH (u3HOOrHYeCKOH HayKH. 

TBopyeckul nytb JI. A. nauanca B 1902 rogy. Eye 6ynqyau crymentom 
BoeHHo-MeHUHHCKOH akalleMHH OH Haya padotaTb y VM. II. Tapnopa. 3yecp 
OH BbINOJIHHJ CBOIO NepBylo Hay4Hylo padoty B OOacTH MMULeBapeHUA, 3a KOTO- 
py!o Koundepentinett BoenHHo-MeqMUMHCKOM akaflemMuM eMy Oblia mpucy2xeHa 
300Tad Mefamb. B coctaBe KomekTuBa, BosriaBaaemoro H. IT. [asaospm, 
C yBJIEYeHHeM Pa3paOaTHIBAaIOWerO HOBYIO OOAaCTb 3HAHHA — yueHHe OO ycuOB- 
HbIX petpieKcax, MOJIOMOH tbu3HONOr paOoTaeT OKOJO NATHALWATH eT. ITU ropyl 
onpeqemuiu HaysHoe mupoBos3penne JI. A. Opdeun. 

B 1908 rogy JI. A. Op6enu 3aKaHuuBaeT u 3allulaeT Wucceptaluio «YcaoB- 
HbIe peceKCbI C Tvia3a y CoOaKN», B KOTOPOH, HapsAy C WeHHbIMH, MPHHIMMH- 
aJIbHO HOBbIMM (PakKTaMM MO (Pu3HOJOrMH YCJIOBHbIX pedleKcoB u PusnoOrHu 
3PHTEJIbHOrO aHaslusaTOpa, BMepBbIe AeMaeTCA MOMbITKAa COMOCTABHTb JaHHble 
OObEKTHBHOFO H3YYCHHA MeATeIbHOCTH Mo3sra C (uOCO@CKHMH HM MCHXOJIOrH- 
YeCKHMH TMOCTPpOCHHAMH. 

Tlocne ycnemuou samuTpt g~ucceptauun WV. II. Ilapnop mpeycrapasner 
JI. A. Op6enu B KavecTBe KaHJuJaTa Ha 3arpanHuNy! KoMaHAMpoBKy. C Oosb- 
Wok Hay4yHo mposopuBocTHIO IlaBioB HanpaBasaer B AKayemuto cilefyrollyto 
XapakTepuctuky Mowloforo yuexoro: «JtoxTrop Opbeu mpezctaBul Tpu 9KcrIe- 
PuMeHTabHbIe paOorTHl... OTH padorbl, MOTpeOoBaBLINe MpOLOKHTEbHOTO 
H YMOpHOrO Tpya, OTMMYAIOTCA KPYNHbIMH Hay4HbIMH AOcTOHHCTBaMH. Bo-nep- 
BbIX, OHM O€3yKOPH3HCHHbI B MeTOAMYecKOM OTHOUIeHMH... Ilostomy pesyJIbTaTbl 
uccleloBannlt OpOenu HMeIOT XapaKTep NOJIHOH Hay¥HOH JOCTOBepHOCTH. 

Bo-BTopbix, ... padoTb! OpOeru oTMYaloTcsA OoraTCTBOM AOObITOrO HM HOBOrO 
cbaxTuueckoro Hay4Horo MaTepyHalla. 
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TpeTbe KpylHoe JocronucTBo TpyfoB OpOemm 3aksiouaeTcA B TOM, TO} 
B HHX CKBOSHT MOCTOAHHAA HallpAxKeHHad paOoTa MBICJIM, KaK KPHTHUCCKOK, | 
Tak HU OOOOULaIOMeH, MPHYeM B Wee KPHTHKM aBTOP OTJIMYACTCH CEPbe3HOCTbIO | 
H CNOKOMCTBHeM, B ele OOOOMLEHHH — OCTOPO2KHOCTbIO H OOOCHOBaHHOCTHIO». 
VU renepb, vepes MATHAeCAT JET, HeMb3H HE COrlaCHTbCA C BbICHIeH MOXBaJION | 
BeINKOrO 2KcHepuMeHtTaTopa: «Pe3ybTaTbI uccmeqoBaHHA Open MMCIOT | 
XapakTep MOJIHOH Hay4HOH JOCTOBepHOCTH». | 

JIpa roja, mpopeyenupie JI. A. B madopaTopunx Sanannon Exsponi, au 
emy OoratTbili MaTepHadl, WIMPOKO MCMO/Ib3OBaHHbIM UM B JlaJIbHeHLeH CaMOCTOA- 
TeIbHOH ReatembHoctu. B Aurauu, padotax y Jlenriu, OCHOBONOJO%KHHKa 
yUeHHA O BereTaTHBHOH HepBHO CucTeMe, OH MpHOOpeTaeT Te 3HAHHA, KOTOPHIE | 
OUIECTALE UCHOMb3yeT B CBOHX MO3\HelMMx ncceqoBaHHAX. Tam xe B Kené- | 
PHoKe OH MpoBOsUHT BMecTe c BapKpodToM COBMECTHOe HCCEMOBAHHE M0 BJIMA- | 
HHIO MOMOUHOM KUCJOTEI Ha LUCcolMalluiIo oKcuremormo6uHa. PaOotra B a0opa- | 
tropun Tepuura, KpymHoro cneluasucta 10 OpraHaM 4YBCTB, CMOCOOcTBOBA.A | 
B JlaJIbHeliliem paspaOorKe y Hac 3TOM BaxkHeliueH OOMacTH usuoorHu, pas- 
BHTHe KOTOPOH HepaspbIBHO cBa3aHO c uMeHeM JI. A. PaOota Ha Heanouutan- | 
CKOM 30010rHYUeCCKOM CTaHIMH, HOBbIe OObEKTHI HCCJICMOBaHHA, HOBbIe MCTOJEI | 
CPpaBHUTebHOH PUSHOMOFUM HE MOTH He OKa3aTb CBOETO BJIMAHUA Ha POPMUPoC- | 
Banue y JI. A. ero ucTOpH4eCKOrO, IBOJIOWMOHHOFO MOLXONa K PUSHOMOTHYeCKUM | 
ABJICHH AM. 

Ilo Bosppaujenuu u3 3arpaHuupt JI. A. padoraeT B Ka¥eCTBe NOMOLLHUKAa | 
VW. TI. Tasnosa Bp Unctruryte 9KcnepuMeHTaJIbHOH MeHWHHbI HY BoeHHo-MegH- 
IMHCKOH akajlemun. OrgaBaxd Bce BPe€MA HCCIEOBaTeIbCKOH paOoTe MH MOMOLLE 
B PYKOBOJCTBE MHOFOUHCJICHHbIM KOJIICKTHBOM, OH IpHoOperaeT Te HaBbIKH, 
KOTOPble CeslasIH €FO BbIalOULUMCA MaCTepOM XUPYPrH4yecKOro MeTOAa B CPU3HO- | 
JIOPHH. 

B 1913 rogy UH. I. [lasosp nopyuaer emy, Kak 3HaTOKY COBPeCMCHHBIX Teye- 
HHH PU3SHOJIOrMYeCKOH MBICJIM, YTEHHE KYPCOB MO HEPBHO-MbILWeYHOH usHOIO- 
rau u dusMoNOorMM OpraHoB uyscTsB. Ilocue us6panua JI. A. Op6enu mpodecco- 
pom cbusuonoruu Ilepporo JlenuurpaycKoro MequiMHCKOrO uHCTHTYTAa (1920 r.) 
HOBbIM MepHOA ero HayYHOH JeATeJIbHOCTH O3HAMCHOBAICA PAXOM paOoT Ooub- 
moro TeopeTuyeckoro 3HaueHHA. TBopyeckuli CuHTes ugen IlaBioBa 0 HeEpBHOH 
Tpoduke u TvlyOokoe 3HaHHe BereTaTHBHOH HePBHOW CHCTeMbI, MpHoOpeTeHHoe | 
B Jadopatopun Jlenrsau, mpuBestu JI. A. K Co3qaHHIO COBEpLIeHHO OPHHHaJIbHOw 
KOHILENIHH O IpHpoye BIMAHHA CHMMAaTHYeCKOH HHHEPBallHH Ha TKaHM UM Opra- 
HbI. B copmectHolt padote c A. I’. Puxetuuckum Obi0 MOKasaHO, YTO pasqpaxe- | 
HH€ HEPBa MOBbIIaeT paOOTOCNOCOOHOCTh MBILIIbl, T. €., He GyAy4H «MyCKOBON», | 
CMMMaTH4ecKad HEPBHaA CHCTCMa MOKET MCHATL CYHKIMOHAbHOe COCTOAHHE | 
MyCKyJlaTypbl. STO ObWIO OTKPbITHe KaPANHAIbHOM BaxXKHOCTH, MMeBLIee OOLIE- | 
Ovonoruyeckoe 3HadenHe. OHO NpHBeIO K (opMyHpoOBaHHIO usen 06 yHUBEp- | 
CaJIbHOH aflaliTalMOHHO-TpouyeckoOlt POH CHMMaTHUeECKO!i HEPBHOH CHCTEMBI. | 
Ta ued OblWia OOOCHOBaHAa B KOPOTKHH CPOK OFPpOMHBIM H pa3sHOOOpasHbIM Ma- | 
TepHaJioM. | 


BbWlo ycTaHOBJIeHO ajlalTalMOHHO-Tpo@uyeckoe BJIMAHHE cummaruyeckoit | 


Hell, Ha BbICIUMH OTC WeHTPaJIbHOM HEPBHOH CucTeMbI — KOpy OombUIMX Noy- | 
WWapHi. OTH HOBbIe aHHble NOMVIMIN OOUbUIOe 3HAYCHHE WIA BCei KJIMHMUeCKO! | 
MeMIMHbI M cosqatu umenu JI. A. OpOenn umpoKyto u3BeCTHOCTb Kak y Hac, | 
Tak WM 3a rpaHulel. 
K stTomy xe repnoyly ornocatca paGoret JI. A. no dusuooruM WeHTpadbHOli | 
H€PBHOHM CHCTeMbI, alOUlHe KJOU K NOHHM@HHIO BO3HHKHOBCHHA CIIMHHOMOSTLO- 
BbIX KOOPAMHalnH. Hadutoqenua Hal coOaKoli, y KoTOpol KOHeuHOCTD Oba 
JIMIWeHa YYBCTBHTCbHOH HHHepBallvu, IpHBelM OpOeru kK KOHMeNMnH, CormacHo 
KOTOPOM <POTOBbI€ KOOPAMHAIMOHHbIe OTHOMCHHA, C KOTOPHIMH MbI POMHIHCE, 
oOpasoBaIuCb B TeUeHHE THICAUeMETHI HO TEM XK OCHOBHBIM 3aKOHaM, M0 KOTO- | 
PbIM OOpasylOTCA HOBbIC YCOBHbIC KOOPAHHANMOHHBIe OTHOMICHHA B TeYeHHe 
HeMeIb, a HHOra Hel HW 4YaCcOB B Halle HHAMBULYANbHOM %KH3HUY. 
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Heenenopanus NO Pu3HONOrHH MO32%KeUKa, yCTaHOBeHHe MapaJemtH3Ma 
IMAHHH MO32KeuKa H CHMMaTHYeCKOM HeEpBHOM CucTeMbI mpuBeu JI. A. K cosqa- 
MiO COBCPINCHHO HOBOPO MpejcTaBJIeCHHA O POJIH MO32KeUKAa, KaK BBICWIerO asan- 
aLMOHHO-Tpopuyeckoro WeHTpa,MMeloulero peryATOpHOe 3HaYeHHe Wis aHu- 
AJIbHBIX HM JIA BePeTaTHBHbIX (byHKnit. 
| B 9TH rogbl oTverMBO BEIKPHCTaIM3OBbIBaeTCA TO HaydHoe HallpaBJIeHue, 
ITOPOe CTAHOBHTCA OCHOBHBIM JIA erO TBOPYeCTBa — SBOJIOMMOHHbI mpuH- 
4m B M3y4¥eHHN dusnonorMueckux cdbyHKuul. JI. A. BylBuraer mooxKenne, 
°O CMeHa (PYHKUNH B Mpolecce 2BOMIOMMOHHOFO PasBHTHA MPOUCXOAUT He B pe- 
/AbTATe. YHHYTOXKEHHA CTAPbIX OTHOWICHHH, aB pesyJIbTaTe ux MosaBsenug, 
ATOPMAXUBAHUA CUJIOFeHeTHYECKH MOJIOLIMM, IporpeccHBHbIMH (byHKUMAMH. 
TOT 2%Ke MPHHIMM MOx*KeT ObITb MpOCMex*KeH B OHTOEHETHUECKOM Pa3BUTHH Opra- 
43Ma. 

B 1925 rogy H. I. Nasnop noxugaer xabexpy dusnonorun Boenuo-mequ- 
AHCKOHM akasleMuH, Hi BO rlaBe STO KadespbI cranoButcsa JI. A. Op6esn. C toro 
JEMCHH, HapANy C HHTCHCHBHOM paspaOoTKOH TeopeTHYeCKUX BOMpOCcoB (pu3Ho- 
prun, JI. A. opranusyer pay uccneqopannii, HenocpeyCTBeHHO CBA3AaHHbIX 
OOOpoHHEIMH 1poO1emamu UC PusNOOrHeli BOCEHHOTO Tpya — u3yyeHne TJty- 
ODKOBOJHBIX CITYCKOB, BbICOTHBIX MOeTOB HT. 1. B aTHxX HCCIeOBAHHAX, OCHO- 
AHHBIX Ha rlyOOKOM TeOpeTHYeCKOM HM 9KCIEPHMCHTaJIbHOM H3Y4eHHH BOLpo- 
i, JJ. A. W Bo3raBJIAe€MOMY UM KOJJICKTHBY yJalOCb OOHTHCA pelieHHsA MHOPUX 
DaKTHYCCKH BaxKHbIX 3ajlay. 
| Queprwuno mposomKaetcax padota mo busnonornu opraHos uvyBCTB, H3yue- 
a€ B3aHMOJCHCTBUA OTCIbHbIX adctbepeHTHbIX CHCTeM. 

B 1931 rogy JI. A. Obit u36paH 4useHoM-KoppecnonzeHTom Akajlemuu HayK 
SCP, a B 1935 roxy — akazemuKkom. 

B 1936 rogzy ckonyasca MBan Ilerposuy Ilapaos u wa JI. A. 6bita BosomKeHa 
(BETCTBCHHaA OOA3AHHOCTh JlaJibHeMWmeH pa3spaOoTKH Hay4HorO HacwequA 
apsioBa. JI. A. craHoBUuTCA BO rulaBe JByX OOJIbIIMX HaydHbIX yupexyqeHuit — 
M3HONOrHYeCcKOrO HHCTHTYyTa uM. IlaBoBa u Buosmoruueckol cranunun B Kou- 
ymax, peopranu3oBaHHoH B Mucrutyt dusuomoruH uw naToworun BbICLIeH 
epBHOH jestebHocTH uM. 11.1]. Wasnopa Axagemuu HayK CCCP. He ocraniaa 
aspaOoTKH paHee HayaTbIx uM Ipo6sem, JI. A. mpucTrynaet kK Wupokol cepuu 
SCIEOBaHHH M0 BbICIUeH HeEpBHOH eATesbHOCTH. OH pa3BHuBaeT 3a yMaHHble 
-Hauatpie [laBsoBbiM HCCJIeOBaHHA TO TeHETHKE BbICIIeH HEPBHOM JeATe/bHO- 
TM, 10 H3Y4YeHHIO BIIMAHHA YCOBMH CpeAbl WH HacJieCTBeEHHOrO MOMeCHTAa Ha 
OpMupoBaHHe HepBHOrO CKJlajla »2%uBOTHOrO. JleTaJIbHOMy H3yYeHHIO MO,Bep- 
1€TCAH BJIMAHWE BereTaTHBHOH HeEPpBHOHM CuCTeMbI HM ZHIOKPHHHBIX OpraHOB Ha 
SICIUYIO HEPBHYIO J€ATEJIbHOCTD. 

QBOJIOMMOHHbIN MOLXO WMpOKO BHeEApHAeTCA MpH u3yYeHHH BCex PyHKUMH 
PraHu3Ma — MbBIIMUeYHOH JeATeIbHOCTH, HEPBHOM CHCTeMbI, B TOM UHCI BbIC- 
ux ee oTyemos. Mccneqyetca copMupoBanne (yHKUHH B Cusorevese UH B IIPo- 
2cce HHJMBHyaJIbHOrO pa3BUTHA, I PHYeM PaBHOe BHHMAHHE YeAeTCH U3yUe- 
alO Kak IIPHOOPeTeHHbIX pedJleKCOB, TaK HW BPOXKCHHBIX, O€3yCJIOBHBIX Peak- 
AM, U3 COBOKYMHOM JeATebHOCTH KOTOPBIX CKJaQbIBaeTCA BCC MOBECHHE 2KH- 
orHoro. Lupoko mpumensetca MeToy, paspaOorannbili JI. A. u ocHOBaHHDbIn 
A 9KCIIEPUMCHTAJIbHOM BMCIIATeJIbCTBE, Ha pasoOmeHun OpraHa OT WeHTpasbHOH 
2PBHOH CHCTeEMBI, Ha BbIKJIIOUCHHH ONPeeJICHHbIX OTACOB MO3ra ONepaTHBHO 
IM ITYTeM OTPaBJICHHA, KHCOPOLHOFO POOMaHHA H T. M., YTO La€T BOSMOXKHOCTH 
SIABUTb JLPCBHHM XapakTep (byHKWHH, KOTOpbIM Obl KOra-TO Mpucyul opra- 
“3My, HO 3aT€M W3MeHeH B XOJe MabHeHUIerO SBOMIOWMOHHOO PasBHTHA. 
ICTOPUYeCKHH TMOAXOL CTasl OCHOBHbIM IIpHeMOM U3y4eHHA PusHOsOrHyeCKUXx 
BleHHi B WKONe OpOenH. Oror xe IPHHIMM yCHelWHO NPHMeHAJICA MPH HCCIC- 
BAHN MaTOJOrMYeCKMX HapyleHHH HePBHOH CHCTeMbI UeJIOBeKa B HEPBHOH 
TMICUXHaTPH4eCKON KJIMHUKaX. 

Hayunoe tBopyectso JI. A. Op6enu oKasano rityOoKoe BAMAHMe Ha (pu3Ho- 
ormueckylo HaykKy B HalleH crpane. OcoOeHHO BeIMKO 9TO BUMAHHE ObIIO 
Wwalllathle, TPULMATbIe, COPOKOBbIe osbI, KOra akTHBHaA padora JlennHrpay- 
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cKoro o6mecTBa (:bu3HOMOrOB MpoTeKasa B 3HaYHTebHOM CTeNeHH B CBeTEe uyeu 
JI. A. Op6enu. Bee arn rogpl, Korya MouTH OeccMeHHbIM MpeceqaTedb oOmecTBa, 
JI. A. Op6enn, c ero mmMpoKol spyAulweH, OMbITOM HM BAYMYMBOCTbIO, BHOCHA| 
cBoli 2xKHBOli TROPYeCKHH ZHTY3Ha3M B padoTy OOmLecTBA, OblIM MOMCTHHE Toja- 
Mu pacuBeta copercKolt dbusvosornn. MHorouncieHHble OTeYeCTBEHHbIe PUSHOUO- 
TH WM KAMHMILMCTEI HCXOLMIM H3 TeX Heli, KoTOpble Opin u3an0%«KeHbI JI. A. B ero 
KuHure «JleKIHM 10 (PUsHONOrHU HEpBHOH CUCTeMb™, YOCTOCHHOH B 1941 r. Cra-} 
JIMHCKOH TIpemMuu nepBoit creneHH. Ota KHHTa 10 OOWIMPHOCTH HM HOBH3HEe (pakTu- 
yecKOro MaTepuasla, M0 riyOuHe useHHoro CofepxKaHnuA, NO CTPOHHOCTH HM Mpo- 
CTOTE H3JIOXKCHUA WU MO TOMY BJIMAHHIO, KOTOPOe OHA OKAa3aJla Ha COBPeCMeHHY!0 
(puSHOJIOrHYeCKYIO UM MCAMILMHCKYIO HayKy, ABJACTCA KaCCHYCCKUM TPYHOM. | 

Kpynuaa polb npunaiiexana Jl. A. B ene MOXrOTOBKH Hay4HbIxX Kapos , 
Kauectaa 6ulecraujero mefqarora-pyKOBOUTeIA HU pedKad cepeuHOcTb u o00aK+ 
Hue MpuBAeKatM B ero MadopaTopuu usnosoros u Bpayell. JI. A. Bcerya yMeu 
YUeCTh JIMYHbIC CKJIOHHOCTH Kax%KOro yUeHHKa, HampaBuTb Ha MpaBHJIbHbIH 
ilyTb ero HayuHoe pa3sBuTHe. ! 

B roan Benuxol OreyectsenHon Botupt JI. A. u ero MHOrOUNCJIeCHHbIe CO} 


Hay4HbIx MpoOsemM OOOpoHHOrO 3HaueHHA. | 
JI. A. Op6enu Gb NpupoxTeHHbIM OOULECTBEHHbIM JexATeeEM HW OpraHu3al 
Ttopom. Hayuno-o6mectBeHHol padore JI. A. Bcerga yeaul OrpOMHOe BHUMAHHE| 


cKy!o paOory, BosriaBiaer JleHuHTpagcKoe, a c 1937 roga — BcecotwsHoy 
oOmlecTBO (u3HOOrOB, OHOXHMUMKOB u tapMaKouloroB. Ha CBOeM 2KH3HEHHON 
IYTH OH 3aHHMaeT BbICOKHE OTBETCTBEHHbI€ JOJIKHOCTH MepBOro BHILe-MpesHJen} 
ta AxKamemun HaykK CCCP, HatambHuka BoeHHo-MeqHIMHCKOH akajeMu 
um. C. M. Kuposa. JI. A. 6pul u36paH MO¥eTHDIM WICHOM Psa HHOCTPaHHbl 
AakajleMui WM HayUdHbIx OOULeECTB. 

B 1945 roxy emy mpucBoeHo nouerHoe 3BaHHe Tepoa Colluamuctuueckor: 
Tpyda. 

IIpeqaHHocTb CoBeTCKOH POAHHE H HayKe, IHEPruA, BLICOKAA NPHHWLMNMAab 
HOCTb H YMCHHe BAOXHOBJIATb CBOHX YYCHHKOB Ha paspaOoTKy HOBbIX TPYyJHBI 
TIPOOJIeEM C HEMeHbIUEH CHO BHIABHJIHCb HM B MOCeAyIOULNe TOMI, KOra uM Obl 
CO3qaH HOBbIM, OOOH HayyHbit KONIeKTHB — MHcTHTyT 93BOJIIOIMOHHO! 
du3snouorun uM. Ceyenopa. B nocmequne roy cBoel «xu3sHH JI. A. 6onbm0 
BHHMAaHHe YJCJIAJI H3YYeCHHIO BBICWIeH HeEPBHOHM J@ATeIbHOCTH UeOBeKa, Ka 
B J€TCKOM BO3pacTe, TaK H pH ee NaTOMOrMYeCKUX HapyllleHHAX. 

JleateibHocTb akagemuka JI. A. Op6enn Opia BHICOKO OleHeHa CoBercKH 
mpasputrenpcTBom. JI. A. OpOenu Obit HarpaxkyeH Tpema opyenamu Jlennna 
3BaHueM Tepox Counanuctuyeckoro Tpyya c Bpyyenuem opyena Jlenuna, opae 
Hom Tpyfosoro KpacHoro SHamMeHu, AByMa@ opfeHamu Kpacnoro 3HameHu 
opyeHom Kpacuolt 3pe3zbI. | 

CmepTb oOopBavia 0 MOcMeAHErO AHA MOJIHY!O TBOPYCCKHX 3aMBICJIOB 2KH3Hi 
KpynHehiwero yueHoro, MaTpuota u Oaropog_Heiimero yenoBeKa. 


{ 
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Jlornann Akanemun Hayk CCCP 
1959. Tom 124, Ne 8 


MATEMATHKA 


O. C. BEPJIAH) 


O HEKOTOPbIX ACHMNTOTHYUECKHX OLLEHK AX 
(ITpedcmasaeno axademuxom A. A. Jopodxuyeineim 22 1X 1958) 


Teopema 1. IIycme npu docmamouno 6oavuiom n 


n 
! al ap~ Os ( l ) 
k=0 
we 6 — HEKOMOPAA NONOICUMEAGBHAA NOCMOAHHAA, npuwem 


ORO OOF anarrn o Ope ins (2) 


To2da npu Oocmamouno borbwom n 


h 
LT eam ~ 2. (3) 
k=0 
Jloka3aTempbcTBo. Hanuutem Bbipaxkenne 


m pas m pas m pas m pas 
—[V—— SS 4 
Qp: - -Ay Am. + -Am Aom+ + -Gom+ + +-Amn+ + -Amn -- - ( ) 


CpaBuusBaa (4) c (1) H mpHHaB BO BHHMaHHe ycsioBHe (2), TomyyuM, uTO 
pu FOcTaTOUHO COIbILOM nN MpousBeeHHe (4) CTaHOBHTCA BeJIMUMHON moO Kpait- 
eH Mepe nlopsyKa (nm)*. B TaKoM cJlydae MOXHO HallHcaTb 


(OQ Com. i: Ginn Pn). 


)rciofla CcileqyeT, TO NpH ocTaTouHO OOJIbIIOM  BbITOJIHeHO (3). 
Teopema 2. Ilycme dynkyua Fy(§, z, t) seanemca opueunanom wU300- 


ancenua pef(P, z) u dynkyua F,(E, 2, t)—opueunanom usob6pasenus 
at (P, 20 P= Dt — D2; Pty Pz — Coomsemcmeyrolue napamempbl npeobpa- 
oeanusa; no t —odHocmopoHHee npeoOpasoeanue Jlanaaca, no & — Oeyxcmo- 


OHHEC). 
Tozda OANA Oocmamo4Ho boAbiuloeo “uCAa nN 
JER(E, Be | n (5) 
Te & zy t) t . 


Tloka3aTeagbceTBo. PyHKIUMA 
‘ y--ic0o 
. xe * 
Fiz )==a5 pk \ OMFO, aan. 


~—ioo 
* 2 s 
Bocno.tb3yemesx TeopeMoli cMenjeHHA. OOo3HauHM h’ — pe = A; Torga novly- 


MM | 
1 rp See 
Fi, 2, ))==55 pe e?® \ ef (r, z) dnd 


y*—t00 


507 


WJM 


(—1)" 1 eae 274t E 
Fi, 2 )= GEE ete Hale )ee 0 6) 
rye 
' y*+ioo 
9(z, N=a5 \ etf (h, z) dd. 
*—loo 


AuaJIOrH4uHO MOXKHO HallucaTb, UTO 


=) n+2 4 n+3 ue E Ps 
aC ya ese ( A eet nt ar) 2@ t) . (7) 


Vi Vt 


Acumnrorvyueckoe BbIpaxKeHHe MOJIMHOMOB OpMHTa pH JOCTaTOUHO CommbuOM 
f Cc YeTHBIM 3HauKOM ('). 


Hon (x) = (—1)92"-1-3-5 . . .(2n— lye" ess xV4n +1+0 (5) | 6 
Van 


Hoata (x) = 
Se MS pn | 1 

= (— 1)"2°+2.1.3-5...(2n — 1)V 2n + le pea K Acai O (=) I. 
hn 


| 
WH C HeeTHbIM 3HadKOM 
(9 
| 


IIpuHaB Bo BHHMaHHe (6), (7), (8) HaM (9), NowyuuM (5). 

Teopema 3. ITycme gynxyun Fi (z, 2, t) seasemca opueunarom 1306 
pancenun pzf(P, z) u gyakyun F3(&, z, t)—opueunanom us06paxcenu: 
pet (P, 2). 

Tozda Ona Oocmamouno GoAowloeo 4uucaa n 


ja Faken 2nd, a 

Fi (é, z, 8) (Sxasx.t) ~y 3 ; 
MucrutyT npukmaqHol reodusuKu TlocTynu10 
Akajlemuu Hayk CCCP 22 1X 1958 


UNTHPOBAHHAA JIMTEPATYPA 


1B. HW. Cmupuos, Kypce seicmeit matematukn, 3, M., 1956. 


Jornangn AKkanemun Hayk CCCP 
1959. Tom 124, Ni 3 


MATEMATHKA 
A. B. BACHJIBEBA 


PABHOMEPHOE TIPHBJIMDKEHWE K PELIEHHIO CHCTEMDI 
AMUPOEPEHUMAJIBHbIX YPABHEHWH C MAJIbIM NMAPAMETPOM 
NIP NPOKSBOAHONM H TMIPHJIOQKKEHHE K KPAEBbIM 3AJ.AUAM 


(ITpedcmaeaexno axademuxom H. I. Ilemposcxum 24 IX 1958) 


PaccmMorpum cucTemy juipdepeHunasbHbIx ypaBHenuii 


d. d 
ee Fe. Y, DG == f(z, Y; ty; p>0 (1) 
| fet == (le Yaa — y(u). 


B samerxe (*) ObIJI yka3aH Crloco6 nocTpoeHus MpHOMKeHHOrO pellieHHA CH- 
embI (1) MpH ocTaTOuHO MaJIbIX 3HAYeHHAX Mapamerpa w H OBI paccmorpe- 
| IIpHJIOXKeHHA K KPaeBbIM 3afayaM JIA KBa3HJIMHeEHHbIX ypaBHeHul. Jlaqum 
Mepb Oovlee TOHKy!O OWeHKY TOUHOCTH (OpMyvIbI NpHOsH2KeHHOrO pellenus, 
a3aHHOH B (1), H. paCCMOTPHM MpHJIOxKeHHA K HEKOTOPbIM KPaeBbIM 3aayaM 
Id H@JIMHeHHbIX ypaBHeHHit. 

Ilycrb ypapHenne F(z, y, t) =O Meer OHH UJIM HeCKOJIbKO KOpHeH z = 
og (y, t), ompeyesenHbix B OOmacTH Dy, t). Ilyctb OfHH M3 3THX KOpHeli 


=o(y, t), ABMACTCH H30JIMPOBaHHbIM Vi (° (y, t), y, t)<.0 B D (ycnosue 


TOHUMBOCTH), T. €., eCJIM © H Y —cocefHHe C © KOPHH TakHe, 4TO o* << 
o<o"*, To F>0 mexay o ug u F<0 mMemay ¢ u 9”. Ilyctb nayan- 
a Touka (z°, y°, ¢°) yHoBseTBopseT ycnoBuio 7*(y°®, t)<2°< p(y, t°) umn 
y®, U)<2<¢™" (y°, 1°) (rouKa (2°, y°, ¢t°) exuT B OOACTH BJIMAHUH Kop- 
z=¢(y, t)). Myc d@yaxunu F(z, y, t), f(z, y, t) oOaqatoT Henpepbis- 
IMM UaCTHbIMH MIpOw3BOAHbIMM MO BCeM apryMentaM, F jo (n-+- 1)-ro nopsz- 
BKJIOUHTeJIbHO, a f NO M-ro NOpAKa BKJIOUMTeIbHO, a HavaJIbHbIe 3HAYeHHA 
y°® OOaqaioT HeMpepbIBHBIMH MPOWSBOAHBIMH MO p AO -rO NopaAKa BKJIIO- 
fe JIbHO. ce? ; 
Ha30peM BLIPOK MEHHOH CHCTeEMOH k-ro nopxAAKa, COOTBeTCTBYIOMLeli 
vreme (1), cHcTeMy ypaBHeHHH, KoTOpaA nouyyaetca U3 (1), ec ee mpogud- 
eHILMpOBAaTb Rk pas Mo NapaMeTpy »% HM 3aTeM (OpMaJIbHO NOMOKUTh LY = VU. 
MpuMep, BbIPOXKJCHHbIe CHCTeMbI HYJeBoOro HM MepBoro NOpsKa OyAyT HMETb 


0=F@ yt), Z='1& 1) 


os = dy = , 
Z= oy, 1), S=he2, y, 1); 
&@ _ F,(z, Y, Topi al Ze Y, ane 


Yu =te(@ Ys ent ful % bYn- 
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Hazopem m pucoeuHeHHOH cucTeMOK kro MOpAAKA, COOTBETCT: 
Bylouleli cucteme (1), cHcTemy ypaBHenui, KoTOpas mosyuaetca u3 (1) culeqyto 
pee) 


=, 3aTeM Mpeycra! 


ileli onepativeli. Cyenaem B (1) 3amMeny mepeMeHHbIX 
BUM Y UM ZB BUe POpMANbHBIX PANOB Y = Yo(t) + Yi(t) +--+, 2= Z(t) 
+ pz;(t) -- ..., MOAcTaBYM 9TH pxybI B (1) HM NpHpaBHAeM Kos@PuUNeHTHI Mp 
OJMHaKOBbIX cTeneHaAx w. LlouyuuM TakHM OOpa30M ypaBHeHHA, H3 KOTOPbIX M0 
CJIEJOBATEJIbHO OMPeENAIOTCA 2, Yo, Z1, Yi, - - - CHCTeEMY ypaBHeHH JIA On 
peeJIeHUA Zp, Ye U Ha30BeM MIpHcoesMHeHHOM cucTemMo nopayKa k. Hampumep 
MIpucoeqMHeHHad cucTeMa HyJlesoro MopAyKa UMeeT BUY 
dz 0 dy, 
sais y? Yorn!s panera” 
0 0, 
Leas = 20, Yolr=0 = Yo; 
lmpHcoeqWHeHHad CHCTeMa MepBoro MopsyKa: 


d “a 
= Fz (Zor Yor #21 + Fy (Zor Yor £1) Ys + Fe (Zorao 4°) 


d 
= 1 Ca, Yos 0)» 


Z1)e=0 = Ze Yibao= yy 


4 a 1 oF 
id a pia cl ‘aa cg Ss Sy 
(Seth AZiv== ji apt 2 luo» Yul ape! lu==o) « 


Tlocrpoum tenepb dynkuuH Yn, Zn: 


Ya=y+pyeb. a. + Fyn + Yo + ey + ee tty, — 


— (H(t) + (t— Vy (0°) + yale). - actoy + 


(¢— 19)", - sel 
+ Taare Butt (2B) bees ee a Yur (6%), (2 


Zn=2+ pt... +P gntetpat...+ yen 


a. (z (t°) + (t—t°)z (£°) 20 U2,,'(t°) ARVO) (pa leon ze (10) 
} — 70\"—1,," — “a 
3 ya at (0°)... Z,n(t°)), 


THe Yuk, 2,k—PpelleHHe BbIPORKMeHHOH CHCTeMbl ypaBHeaua k-ro nlopanKal 
YHOBJIETBOPHIOMee HavaJIbHOMy YyCJIOBHIO 
Cc 
Yuk (t°) = kl ye — 1) Pk F de; 
Yu lepretit( Pek Ppa ; 
0 


Yr» 2: — PelleHHe MpHCOeMHeHHOH cucTembI k-ro nopsyKa, yOBseTBOpAIOMe 
HavaJIbHbIM YCJIOBUSAM 


al ; 0 
Yr|e=o =Yr, Zple—o = Ze; 


fea — (k — 1)-ht KostppunnenT pasoxKenua c:yHKunH f(@o tee: +...,Y 1 
+ pYr-+...,ut). Tlocrpoenxpie dbynkuun Y,, Z, mpenctaBrsior cool npuc 
JIMKCHHOe pellieHHe cHcTembl (1). 

Teopema 1. Ecau npaeole wacmu cucmemet (1) yoosreméopsiom yKa3ak 
HblM Bole YCACEUAM, Mo OAA pewenua y(t, uw), z(t, w) cucmemol (1) np 
docmamo4no MQNOM Qo Chpaeedrueol Hepaeertcmea 


ly, wy—Yil<epeht, let, w) -- Z,] << Cen, 
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de C — nocmosnnan, He saégucauman om wut daa PO <t<T (T — anboe 


DUKCUPOBAHHOE 4UCAO, OAA KOMOpoeo y(t) ewe rexUM @ ObracmU ycmotiau- 
ocmu D). 

Popmyspr (2) cay2xaT AIA MocTpoenua mpuO.1mKeHHOTO pelwieHHaA 3amaun c 
lavaJIbHBIMH YCJIOBMAMM, HO MOryT ObITb TaK*Ke HCNOJb30BaHbI [WIA MOCTpoeHHA 
[DHOJIM2KeHHOTO pellleHHA KpaeBbIX 3aay. B nacrosmeli 3amerKe paccmMoTpuM 
(Ba THMa KpaeBbIX 3aau [VIA ypaBHeHHA BTOPOrO MOpALKa. 

A. Paccmorpum Kpaesylo 3ajayy 


py" = Fy’, y, ft), -y(0)=0 y(l)=0, O0<t<1. (3) 
Sanuulem (3) B BHye CcHCTeMbI 


d d 
eee Cg ee OO (4) 


[| NoTpeOyeM, 4TOObI sTa CHcTeMa YAOBJIeTBOpAJIa YCJIOBHAM, YKa3aHHBbIM BbI- 
ue. Ilyctb ¢(y, t)— Tor KopeHb ypaBHenua F(z, y, t)=0, B oOnacTH Buns- 
(MA KOTOporo slexaT ToUKH (0, y®, 0), roe y® Kak yroqHO Maso oTwHuaeTcHA 


T SHaYeHHA ylo, 4 y —pelleHue BbIPOxKeHHOrO ypaBHeHnA HyJIeBOro NMOpsie 
‘ay YOBJeTBopmiomee ycoBulo yl; = 0. TIpumenutembHo K JaHHoli 3anaue 
CHOMOraTeJIbHbIe CyHKUMH (2) .cMelMaIM3MpyIOTCA cNeyIOULHM .OOpa3oM: yk, 
vk — peuienne BbIPOXKCHHOH CHCTeMbI ypaBHeHHli k-ro NopsAqKa, yOBsMeTBOps- 


OULee HAYAaJIbHOMY YCJIOBHIO Yukl~p—y= 0; Ye, Ze— PpellleHHe MpHcoeHHeHHO cue 
TeMbI ypaBHeHHH, YOBJIeTBOpsAIOWlee HavaJIbHbIM yCJIOBAAM 
foe) 
1 o— t 


Yrlr=o or (Yuk|t=o —| (— 1)eckeh®), dt), Z blest =0, 3= rT: i 
0 


Teopema 2. J[na ecakozo Oocmamo4uHo mano2od W< py CyLY4ecmeyem pe- 
weHue Kpaeeott 3adauu (3); @ynKyuu Yn, Zn, CNeYUAAU3ZUPOBAHHbLE KAK YKa- 
aHO éebliule, npedOcmaeasiom Ccobolk npubAUDCeHNOe pewlenue amoti 3adauu, mak 
mo 


d 
wie w—Yal<cu, [Fy —Zl<cu, 


de C — nocmoskHasa, He 3aguctsuan om wut npuucueudct< l. 
B wacmnocmu, nyreeoim npubauscenuem (u npedenoHott yAKyueti OAR 


‘(t, w)) a@anemca pewenue y(t) eolpoxcdeHHoeo ypasHenua HYyAesozo nopsdKa, 
Ooenemeopsuowee YCAOBUIO Y=, = 0. 
OrmeTHM, 4TO MeTOL 6e3 Tpyfa pacipoctTpaHveTca Ha CJyyalt OoMee CO%K- 
bIX KpaeBbIX yCJIOBHH 
ay (0) + a’y’(0)=0, By(1)+ By") =0, a0. 
B. PaccmoTpuM Tenepb KpaeBylo 3ayauy 
uy” = F(y', y £), y(0)=0, y(l)=0, O0<t<1. (5) 
IIpeqnomoxKuM, 4TO BbIPOAKeHHat CUcTeMa HyJIeBoro NopAyKa 
ayia 6 
Fey, t)=0, Gaz (6) 
meeT yruiopoe peuienue. Ilo aTuM mogpasymepaercn cwtenyioulee.  Ilyctb 
men Uo Pnp— Ba coceqHHX KOpHA—HeycTOMuMBbIH HU yCTOHYMBBIH, Hu 


— d — 
ycTh y"°*> — pellleHHe ypaBHeHHA —p y7*® = Ones (y"®, f), yHOBMETBOpAoMee yc- 


_ _ d —= 
oBuIO y"°*)_,= 0 u y"P — pemlenne ypaBHeHHa = y"? = Gap (y™, ft), yAoBue- 
o14 


TROPAIOULee YCOBHIO YP|_4—=0, MepeceKaloTcH B HeKOTOPOH TOUKe t=) 
(O26 Uy: 


YraoBbim pemenuem cuctemb! (6) Ha30BeM (PYHKILHIO 


i y"e®, te (nepeent® , (7) 
ire ys, te t° (mpasee 2°). 


Ha3zopem JE BOH BbIPOKXMEHHOH CUCTeEMOH NOpPAAKA Rk BbIpOx- 
JeHHy!0 cucTemy NopxyKa k, B MOCTPOeCHHU KOTOPOM yyacTByeT KOPCHb Prep, a 


npaBoh BhIpOKAeHHOH CHCTeEMOH NOpAKa FR BwipoxeHHy!o CUCTeMy 
e JI€B 
nopsyKka k, B TMOCTpOeHHH KOTOpOH yuUaCIByeT KOPeHb Ppp (HaNpHMep, Y 


~/J1eB 


° 2 mip 
Yy YJIOBJIETBOPHAIOT JICEBOH BbIPO*KCHHOH CHCTCME HyeBoro MOpaAyKa, a Y ; 


y™  yxoBNeTBOpMIOT TpaBoi BBbIPOKeHHOH cucTeMe HyseBOrO MNOpsAyKa). 
TloctpouM BcnomoraTeJIbHble ()yHKUMH 


fae ee fai ease 
Y,= Lp 
se be ILE YT i 


Syecb Yn", Zn OMpezenmorca cbopmysiamu (2) (np nm u n—1), B KOTOpBIX 


e JI€B 

Bce (pyHKIMH C YepTO HaBepxy Halo CHAO AMT MHJeKCOM JIeB, IPH 9TOM Y'p ? 

vs YHOBJIETBOPAIOT JIeBOH BbIPOXKJeHHOH cucTemMe k-ro NopsqKa HW HavasbHOMy 
7)s1eB = (je i z 

yeuloBuio y, zo = 93 Ypr 2 YAOBMETBOPAIOT NpHCOeAMHEHHOH cucTeMe k-ro 

,N0pajyKa HW paccMaTpuBaloTcA B MpOMexkyTKe — oo <t< 0, a HauaJIbHble 3Ha- 


YECHHA Yp|r—o, Ze—1|c—0 OMPeAeMIOTCA W3 CHCTEMbI 
co 


Fl Ya leg + (HUY ef, (2 feed = BRO), 
0 


k ko(k ai 0): 
Fl Yplemao (IY | teh, (6s 2p inane) dt = He (19)5 

0 
KpOMe TOTO Yolr—o = Yaw = Y"? tow; Yu?, Zaey Take onpeyensores cop-| 
MysiamMu (2), B KOTOpbIX (PyYHKUHH C YepTOH HaBepXy CHaGOKeHbI MHAeKCaMH Mp, 
IIpH 3TOM yrk ae YAOBMETBOPAIOT MpaBol BbIPOKTeHHOH cucTeme k-ro nopsyqKka 


WM HauaJIbHOMY YCJIOBHIO y"P fy =" 03 Y,.2,—Te Ke @yHKUMH, YTO UB Bb 
u 


paxennix Yn”, Zr 21, TOJbKO paccmaTpuBaemble Ha 0<t < oo. 


Teopema 3. J[aa écako2o Oocmamo4wno mManoz20 w< pro cCywecmeyem 
pewenue Kpaeeok sadauu (5). PynKyuu Yn, Zp. npedcmaeasiom coboti npu- 
O AUKeNHOe petlenue amoti 3adauu, mak umo 


d 
[y(t v)— Val <Cur, lay (ts uw) — faa] < Cp", 


2de C — nocmosnnan, ne sagucsiuaa om wut npuu<py u ONt<). 

B wacmnocmu, nyAesbim npubauscenuem Ona y(t, w) u npedenonott dynk- 
yuek OAA Heeo ABAREMCA YeNOBOe PewWleHUe BbIPOICOCHHOLL cucmembL HYCBO2O 
nops0Ka, m. e. mynkyusn (7). 


Mockoscknit rocyapcTBeHHbIii yHuBepcuTeT Ilocrynusto 
um. M. B. Jlomonocosa 18 1X 1958 


UMTMPOBAHHAA JIMTEPATYPA 


* A.B. Bacuabesa, JAH, 123, Ne 4 (1958). 
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Horsage Akanemun nayr CCCP 
1959. Tom 124, Ne 3 


MATEMATHKA 
B. H. FOJIbABEPT 


O CYIIECTBOBAHMH, EXMHCTBEHHOCTH HW KOPPEKTHOCTH 
PEWIEHHA OAHOM HEJIMHEHHOM 3ARAUM 


(ITpedcmaeaeno axademukom C. JI. Co6oneevim 8 X 1958) 


B pa6ore (*) A. Burr usyyan ycraHoBueHue aBroKosle6anuit B pacmpee- 
SHHOH aBTOKOJIeOaTeJIbHOH CYCTeMe C HeJIMHelHbIM 3BeHOM. OguaKxo A. Buttom 
= ObIIO MpoBeyeHO UCCIeqOBaHve KOPpeKTHOCTH MOCTaHOBKH paccMaTpuBaB- 
leHicCA B paOoTe HeJIMHeHHOl CMeWaHHOH sayauM MA NMHeHHOrO ypaBHeHUA 
imepOomMyecKoro THNMa. CojepxaHve HacTosilel 3amMeTKH — JOKa3aTeJIbCTBO 
\PpeKTHOCTH NocTaHoBKu 3aqaun A. Burra 

Alia ypaByenna 


L [u] == Ux, — Un — Qua; = 0 (1) 
ACCMATPHBaeTcHA clefyioulad HeJMHeMHaA CMellaHHad 3ayaua: B MpaAMOyrosb- 


ake Up: OK x<1; OS t<T (0<T<-+ 00) noctpoutTs ABaxgb Henpe- 
SIBHO [MippepeHiHpyemoe pelieHHe ypaBHeHHA, YAOBJIeTBOpsIoulee HauUaJIbHbIM 


> JIOBHAM 
u(x,0)= (x), us(x, 0) = 9 (x) (2) 
KpaeBbIM YCJIOBHAM 
Uy = — QA[1 —u?] uz pu x = 0; (3) 
Ux + Buy = — QuPuy mpu x = | (4) 


D5 8, A —noctosuubie, A >0, p> 0, PB 0 uw 1—2A D0). _ 
n. 1. Jina cyulecTBoBanua pewenua s3aqaun (1) — (4) B Iy HeoOxoqumo 
IMOJIHEHHe CJIeYIOUlNX YCJIOBMH cormacoBaHHa: 


g' (0) = — 2nA Tl — ¢° (0)1 9 (9); (5) 
' (0) = 4uAg (0) $* (0) — 2n.A [1 — ¢° (0)] [p” (0) — 2u9 (ODI; (6) 
e' (1) + Be" (1) = 0. (7) 


Teopema 1. ITycmb gynkyun o(x)€C? [0,1], dyaxyuan (x) €C* [0,1] 
6bINOAHAOMCA YCACEUA Coenacosanusn (5), (6), (7). Toeda @ npamoyzoAvHu- 
2 Ir cywecmeyem pewernue sadauu (1) — (4). a 
Jloxa3zaTeapcrso. Jloxaxem cyujecTBopanue pewlenua B II,. Ilocrpoum 


een nrovinn : re a) ae 
yak Ht e()= Boe (-1<x<0) a ¢@= BS —) 
<x<2). O6osHauum uepes $ (x) mo6yo dyHkumo Kslacca Ct[—I, 0] 


= ey 
—() (0) = b (0) (i = 0,1) u uepes $* (x) — mobyto pyHkiulo Kulacca Coie 
te (1) oe yo) i =0,1). Ha cermeste [—1l, +2] onpezenum dynkuuu 


pale Celie’ [| 0] 1 (%), ecm x€[—l, 0]; 
m)={o(x), ecau x€[0, 1]; b(x)=ih(x), ecan x€[0, 1], 
g* (x), ecu x€[l, 2]. Ors), ecu r Cy Zi 


pt3 
BaKaa 1223 


DyHKuA a " 
u(x, t) = Rip, HD Yee“ toe +) +e —f) + 
x+t Aly (int) x+t a) 
. L Sa a 
+ \ [oon +S |e + | oH) OO) de], ( 
x—t x— 
pha (EsEe i 
re C= VY t2?—(x—€)?, ecTb j[BaxK{bI HeIIpepbIBHO judepenunpyemoe B 
fas at ypapHenua (1), yoBseTBopsionlee HavaJIbHbIM YCJIOBHAM (2). Pyuk 
una u(x, t) yqoBeTBOpxeT KpaeBOMy YCJIOBHIO (3) Torga MH TOJbKO Torfa 
Kora (yHkiad ~ (x) ecTb pellieHve ypaBHeHHi 


¥ (1) = Ad (—1) = {S00 + \ xe eo” (@) dé + 
+5:(@[S:@ + \ J (iu) lah” (8) 48] + 
+ [S2() + ) Jo (il) leat (8) \ Ka (t, 4" (@) de}: 
:{1—2u.A + 2uA[S. (t) + ( Jo (ipl) Lexa” (6) ral ie c 


=f 


rye dyxkuna S;(t) u K;(t, &) Bbiparkarorca vepes pyHkunn Jy (x6), 9 (x), P(x 
WM ux mpousBogubie. JloKaxxeM, 4TO ypaBHeHue (9) HMeeT eCAHHCTBeHHOE pelle 
Hue B C[{[—1, 0]. Oneparop A sBnowHe HempeppiBeH B C [—1,0] nu nopoxyae 
BHOMHe HelpepbIBHOe BeKTopHoe oviIe J — A. PaccMoTpHM BIOJIHe HerIpepble 
Hoe BekTopHoe nose J —A, rye napametp O<A<1. MoxkHo moKasaTb, 47 
ecm byHkuu tb, (— t) € C [—1,0] u(J — 4A) b, = 0, TO |b, ee (—t)|< 


<R, rye mocrosHHat R He 3aBMCHT OT BbIOpaHHbIX A HW db, (—t). OrcwE 
cmeqyeT, 4To Ha ciepe ||>|/— R BnovwHe HeNpepbIBHbIe BeKTOPHbIe Noa J 
J — A romotonnbl. CieqopatesbHo, B wape |||< R cymecTByeT mo xKpailine! 
Mepe OJHO pellieHHe ypaBHeHna (9) (°). : 

V3 (5) u (6) caeqyeT BrimonHenue ycnosui b—% (0) = $ (0) uw HenpepptE 
Had uddepeHilupyeMocTb pellieHua ypaBHeHunA (9) Ha cermeHTe [—1, 0]. Equ 
CTBCHHOCTb PelleHHA ypaBHeHHA (9) oKa3bIBaeTCA paccy2XJeHHeM OT IIpOTHE 
Horo. HerpyqHO mokasaTb cyllecTBoBaHne (pyHkitMH $*(x) TaKOH, 4) 


u(x, t)= Ro, dj YAOBJeTBOpAeT KpaeBoMy ycJIoBuIO (4). [locrpoeHue perlieHy 
sayaun (1) —(4) B II[7 npogomkaetca omvCaHHbIM MeTOJIOM. | 
B JasbHehwem ucnoOub3yeTca Ceqyoulad Teopema. 


Teopema 2. ITycmo dyxxyun u(x, t)€C*®(Il,) ydoeremeopsem ypaeni 
nuto (1) 6 npamoyeoaronuKke Il, u Kpaceoim ycaosuam K;{u] = 0 (i =O, 3 nfl 
x=1, 0O<t<1l. Toeda na ceemenme [—1,2] mooeno nocmpoums makt 
dyncyuu ¢ (x) €C?[—1, 2], (x) €Ct[—1, 2], umo u(x, t)= Rig, o] 6 2064 
mouke npamoyeoronuKa Il, *. | 


* MoxHO MOKa3aTb, YTO TeOopeMa O MIpecTaBJIeHHH peLieHHA CMeWAaHHO 3aqaun, 1 
Hadexanlero Klaccy C* (II), dopmyvtol pemenua saqaud Kom, avanoruunaa Teopeme | 
HM€eT MeCTO Ayia THNepOomnyeckoro ypaBHeHHA 


Uy, — Uy + a(x, thu, + b(x, thu,+c(x, thu+ f(x, t)=0, 


KospuuneHT hl M CBOOOAHBI 4IeH KOTOpOrO TpHxKAbl HenpepbiBHO AupdepexuHpyembl B pA 
yrombuHuke Q: —T=x<xT+1: 0<i<T. 
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Woka3saTeuberso. BBeyeM culeqyioulve o6o3HaueHusa: u (%, 0) == "9 (x)5 


(k) 
to = 9 (x), W(i, t) = felt), Uelee = gr(L) ad oy as 
x=i,t=j 
=”, ee 3,4). Ha  cermente [—1,0] ocrpoum <«byaxunn 90,1 (*%) = 


es 

pa a x*. Cymlectayer Takat (bynKimsa wy (x, t)€C2?(y: —1<x<0, 
=0 

<t<1), uro L [uo] =0 B upsmoyrombunKe LES ir (OSC) eet it a lor tence 
Bo(t) W uo (2%, i) =gor%) @). mae 
AnasoruuHO B TipsMoyrovibunKe If: 1 <x <2: O<t<1 onpeyenum pyHK- 


Oy a(s) 
HO U, (x, t). OuepugquHo, utTo z = ae Cee ye A 
) Ox9t8? |x—7 = x 19452 |p) So) ee 
Ou 
=0, 1. O6o03na4 aes 
auuM ¢; (x) Frere [louoxKum 


(iets ecu x €[—1, 0]; do(x), ecu x €[—1, 0}; 
x) ={(x),  ecan x € (0, 1]; Olay = P (x), ecam x €[0, 1]; 
ie (cies ecun sy Cll. 2]: OG. (4),) Cc’, © herzig 


srKO BUeTb, ITO U(P)= Roy, d] B mO6o0% TouKe P(x, t) EI. 

3 al MeuaHHe. Teopema 2 umeeT MeCTO JIA MPOM3BOJIbHOrO MIpAMOYFOUJIb- 
Ka ly O< T< +o). 

m. 2. B npocrpancrse (byHkuuli, k pas HempepbiBHO jMdp(pepeHtMpyeMbIx Ha 
rmMeHte [ab], BBeqeM HOpMy 


k 
If = max >| f(x)|; P= max |f(x)|, ecam f(x) €C [ab]. 


~B npoctpanctBe (byHKUvii, MMeIONLHX B MpsMoyroubHuKe II7 Bce Hempe- 
[BHbIC TIPOM3BOJHbIe JO BTOPOTO TOpsA,Ka BKJIIOUNTeJIbHO, BBeJeM B HOpMYy 


dn ‘2 
||, it, — max SS rrr “la, == max|w|, ecu w(x, t) €C (Ip). 
Peulr i=0 Pellr 
| t=i,4l2 
Teopema 3. Pemwenue sadauu (1)—(4) eduncmeenno 6 npAmoy2orb- 


Ke Ur. 
JlokasaTeubctTsBo. Teopemy 3 gocTaTOuHO JOKa3aTb JIA MpAMOYTOVJIb- 


Ka Tl,. Mycth cyukunn u,(x, t) u u(x, t) — pemenna gaqaun (1) — (4) 
Il,. PynKuua u = u,;— Uy yoBmeTBOpAeT ypaBHennio (1) eB I,, w(x, 0) = 0, 
0 — 0, 
Ux+f(t)ue—g(t)u=0 mpu x= 0; (10) 
Ux + Bury + 2uBu;y = 0 Wpliex =) bi; (11) 
Ou: 
SF) = WAU —w2(0, A), g(t) = A [a +) FI _,- 

B xapaktTepuctuyeckoM TpeyrombHuKe G:t>0, U<x—t, x+t<1 
HKuMA uw==0. O6o3sHauum uepes Ko(x, t) = ux(x, t) +f (t) ur(x, t)— 
g(t)u(x, t) uw uepes Ky (x, t) = u(x, t) + Bun (x, t) + 2uBue(x, €). Bpi6epem 
M3B0NbHOe 74 >> 0. Ilo BriOpaHHomy 7% HalijeTca 5 (7) >0 Takoe, TO 


|Kolp,<1 tue Do: 0< <8 (mq); OSE], (12) 
|Kils << rae Di: 1—8()<x<l, 0O<t<l. (13) 


Beegem cueqyioulwe  o6o3sHavenua: =, = 1/25(y), %2 = 1 —*/26(%), 
= 4 (V2—1) = tg ten, ty = 1—to, MY =(t1 Cx < X95 tot Sty}. B kam: 
4 touKe P(x, t) IpaAMOyroJIbHuka 1I\” noctpoum cpefHue B cmpicvie C. JI. Co- 
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Sonera or bynkunn w(x, t) ch < 1/28 (m)(V2—I) (*) 
tno = Fe | o(P, QA) 4(Q dQ; Tx: QW) |[P—Q1 <A. 


Th 


uh? 


OuepuyHo, 4TO Up (x, to) = 0, 3 = 0 u (byHKuMH up, (xX, ¢) YAOBNETBOPAION 


t=t, 
ypapueumto (1) B TTY”, pee un (x, t) YROBMeCTBOPAIOT KpaeBbIM YCJIOBHAM: 


ea dia F(t) = —g(t)hun=en(t) mpu x= x4, 


i Ou 
a etal Se = hy (2) NIpH x = Xo, 


a \ @ (x1, t, Q; A) [uy + f (t) u —g(f) 4] dQ, 


Th 


4 
hn (t) = saw | Ole t, QW) Ki (QaQ. 
Th 
V3 nepapenctsa (13) caeqyet, aro |An(t)| <4. 


Myer» hy <2 0(1)(V2—1) raxoz0, wx0| | — FG) <anl ef) ee) 
ecuu |t—t|<(hp. Torga u3 HepapenctBa (12) cnegyet, uTo |e,(f)| <M 
upa A<hy, rae nocroshHat M we 3aBHCuT OT h IIpumenan Teopemy 
MOXHO TlOKa3saTb, YTO pu h << hy 


[also <Cu, (I 


rye nocrosHHan C He 3aBucuT oT A u 4. V3 cBolicTB cpeHHX, MPOHSBOJIbH 
cTH 1 WM HepaBenctBa (14) BbirekaeT, TO w==0 B psmMoyroubHuKe Ih. 
n. 3. Jlemma 1. ITycme dyxxyua u(x, t)€C? (I I,) ecmb pewernue sad: 


uu Pi (A) 6 npamoyeonronuKe I1,. Cyiwecmeyem noaunom P(x) ¢. nonogti 
MeAbHolMu KOaP~UuYyUeHMaMU, sa6euCcAIUuMU moAoKO om w, A ,8, makot, ut 
P(0)=0 ula g,<P(L), ecau |loha<Ll u ioh<L, 

“Jloxa3aTeubcTBo. B cuny tTeopemp'3 dyxHKunio u(x, t) MOxKHO TI 
CTpOHTb MeTOJOM, ONMCaHHBIM B JOKasaTeJIbcTBe TeopemMbl 1. YrBepxKeH! 
NemMbl 1 nomyyaerTca nocae onexoK ||$* |, 4 || |. 


O6osHauum uepes u;(x, t) petienue 3aqaun (1) —(4) B mpsamoyrompuuKe I 


ee en(t) = 


Ul: 
YHOBJIETBOPAIOIee HavaJIbHbIM ena Li (%, OOK ui st) 


(i = 1, 2). Oukcupyem cynKuun (x) uw >, (x). 
Teopema 4. IIo awbomy ose Halidemca makoe 8(e) > 0 (saeucauy 
e00biye 2060pA, Om BblLOPANHOLX (x) U dy (*)), wmo || Uy — Us|, G.<e eC 


lea = $2 <8 u |b, — def <8. 
JlokasaTeabcerTBo. Pynkuua u = u,— us ecTb pelllenue ypaBHeHUA 


B npimoyroubnuKe Mr, u(x, 0} oUt) a (x), Us|t=o = 1 (x) — oe (x) u ya 
JieTBOpHeT KpaeBbIM ycuoBaaM (10), (11). YrepxKjjenue TeopeMpl 4 culex 
43 mocTpoeuua (byHKunM u(x,t). MeTOROM, ONMCaHHbIM B  JlOKa3aTeJIbCT| 
Teopembl 1, u Olenku \e la [ip sTomM ucnoubsyercs, Jemma 1. 


ABTop BbIpaxkaer nieokunc OnarofapHoctb O. A. OueiinuKx 3a. o6cy 
fine paOoTbl Hu 3aMeyuaHHa, 


_Toppxosckuit rocyapcTBeHHbBI + yHHBepcuTerT “ay Ilocrynuno 

uM. H. MW, Jlo6auescxoro. 8 X 1958 

UWATMPOBAHHAA JIUTEPATYPA 

}A. Bure, KTOAA iz. 1 (1934). 7? M, A, KpacnoceabeKkuit, Tonom 

‘tecKne MCTONbI H TCOPHM HeNMMHeHHbIX MHTerPpambHubIxX ypaBpHenult, M., 1956. 3 Oe A. 

iBT aK euckaa, CMellanHat sgaqaya qa. runepOonnueckoro | ypastenns, IMs al 

G. JI. C060.4.e 8B, Hexoropnie IpuMeHeHHA ‘by HKqHOHATbHOTO a aHanusa B MaTeMaTH¥ec 
‘busnKe, J SL Gor 
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Aoxaage Akanemunu nayrk CCCP 
1959. Tom 124, Ne 3 


MATEMATHKA 


JI. Tl. HYDKHUK 
O CNEKTPE OBLMX AH®EPEHILMAJIbHbIX ONMEPATOPOB 


(ITpedcmaeaeno axademuxom C. JI. Coboacevim 18 IX 1958) 


Sa MocueqHee BPeMA. NOABHJICA pA paOoT, B KOTOPHIX Jana Teopusa cnektT- 
AJIbHBIX Pa3sJIOKeHHH WIA OOWMX, BOOOMLE TOROPA HM HeDdJJIMNTHUeECKHX, CaMC- 
MPAKEHHEIX ONepaTopos (**). OWHako u3yNeHHe CHEKTPaJbHbIX pa3vlOXKeHUi 
If KOHKPeTHBIX HE3JIJIMNTHYECKUX ONepaTOPOB NOUTH He MPOBOMMNOCh, XOTA 
OMOOHbIE 3afauH, NO-BAAMMOMY, NpelCTaBAIOT HHTepec uC PusHueCKON TOUKH 
peHUuA. B HacTOsIleli 3AMeTKE H3YUAaIOTCH CAMOCOMNPS2KCHHOCTh HM CMeKTP BOsMy- 
(eHHBIX TuPepeHUMasIbHbIX ONepaTOPOB, paccCMaTPHBaeMbLX BO BCeM NpocTpaH- 
rBe, €CJIH OCHOBHOH OnepaTOp CYyMIeCTBeEHHO HeSJJIMNTHYeCKHM UM C NOCTOSH- 
bIMH KOSPPHUNeEHTaMH. 

OObINHbIe METObI HCCIeEOBAHHA NOROOHHIX BOMPOCOB AIA dIMMNTHUeCKHX 
paBHeHnlt (cM., Hampumep, (*)) OCHOBbIBaIOTCA B 3HAYHTeIbHOM Mepe Ha CBO;- 
TBax (yHaMeHTabHOro PelWIeCHHA, H MOSTOMY MaJIO IIPHMCHHMbI B_ Halllem 
qyuae, Tak Kak TpeOyemble CBOMCTBa OGOOUICHHbIX (PyHaMeHTaJIbHbIX pelwe- 
WH HeMOcTaTOUHO H3yYeHbI. OCHOBHbIM TIpHeEMOM, MPHMeHAeCMbIM HaMH, ABJIA- 
TCA mepexoy K MmpeocOpas0BaHu1o Dypbe u u3syyeHue typbe-oOpa3zoB uccsepye- 
IX OMepaTOpos. 

1°. YcTaHOBUuM HeKOTOPble BCNOMOFaTeJIbHble (aKTbI OTHOCHTEIbHO oMepa- 
OpOB B rubOepToBoM npoctpauctBe H. Ilycrb A — camoconpsx*KeHHBIN ome- 
atop B H; D (A)—ero o6acTb onpenenenus; Iz (A) — pesoubBexta. Iycrp 
) — CHMMeTpHYecKHH ONepaTop c OOsacTLIO OnpexemeHua D (C), noTHo B H. 

Jlemma 1. Ecau D(A) Q D(C) naomuo @ D(A) 6 cmoicae epaduKa one- 
lamopa Aunpu Hekomopomz R,(A)C — o2panurennoli onepamop c Kopmel, 
feHowleli 1, mo 3amblKanue onepamopa A -+-C, onpedenennoeo na D(A) D(C), 
BANEMCA CAMOCONPAXCeHHbLM ONnepamopom. Ecau, Kpome moeo, onepamop 
R,(A)C]R.(A) enoaxe nenpepolenciti, mo npederonole cnekmpbl onepamo- 


oe A u A+C coenadaiom *. 

B camom jeje, ecuu Ob» A+C we Obl CaMOCONpPs>KeHHbIM OllepaTOpoM, 
Oo aga ’z,Imz-=£0, cymecTBoBa Obl diementT DEH, b=0, Takoli, 4TO 
b, (A +C)¢) =z(¢, ¢) Ana mo6oro g € D(A) M D(C). O6o3nayan (A—ZzE) o=h, 
onyuaem (, h) + (b, CR; (A)A) = 0, usm (g, A) + ([Rz(A) Cl >, h) = 0. Hoh 
oTHE! B H, 3nauut » = —[R,(A)C]¢, uro HesosmoxHo. Max, onepatop 


1--C camoconpsxennpi. Jlanee nonoxum K,=R.(A)—R2(A+C). 
lerko mpospeputb, uto Kz, yoBJeTBOpseT OfepaTOopHOMy YypaBHeHHlo 
(, = [R,(A) C] Rz(A) —[Rz(A)C] Kz. Ecnu BbinomHenbl yCJIOBHA JIeEMMbI, TO 
TO YPaBHeHHe WMeeT efMHCTBeHHOe peillenve B KJlacce OFpaHHYeHHbIX oMepa- 
opos, a umeHHo K,=[E + R,(A)C]?-[R2(A)C] R,(A). Ortcrofa caenyer, 
to K, BiojHe Helpepbiped. BmectTe c TeM M3BECTHO, 4YTO CCJIH Pe3OJIbBEHTHI 


* TIpeyenbuble cieKTpp! onepatopop A u A + C cosnayaror, ecau onepatop R,(A)C 
TlosHe Henpeppipubili (°). Ycnosun nemmbl 1 HeCKOsbKO cja6ee YyCsIOBHA NMoHOH HenpepLiB- 
octu onepatopa R,(A)C. 
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JBYX CAMOCONPS2KEHHBIX OMepaTOPpOB OTJMUAIOTCA Ha BHOWIHE HeIpepbIBHbIM OTe- 
paTop, TO HX MIpee/bHbIe CMeKTpPbI COBMAaalor. 

Ilycrs U — ynurapubiit onepatop B rubOepTOBOM MpocTpaHcTBe H,aT —sm- 
HeHHbIM OoMepaTop Cc OOJIacTbIO onpeeJIeHHA D(T). Toy YHUTApHO SKBMBaJeHT- 
HbIM ollepaTopoM kK 7 ToHuMaloT onepaTop T = UTU*, DO) =o 

Ecan T — camoconpsKeHHbI onepaTop, TOT Toxe CaMOCONps>KeHHbIM, MIph 
3TOM cHeKTpp} 7 u T copnagator. [losromy 3afaua M3y¥eHHA CleKTpa CaMo- 
Colps2KeHHOrO onepaTtopa T MoxKeT ObITb CBefeHa K W3yYeHHIO CII€KTpa a 
B uacrsoctu, ecan H = L?2, to B KayectBe U MOKHO B3ATb TpaHcopMallMic 
Pyppe — HInanmepeis. B qambuetuiem 6yeT pacCMaTpMBaTbCA TOJIbKO Takoh 
onepatop U. | 

2°. Tlyctb E’” —pemecTBeHHoe /m-MepHoe SBKIMAOBO MpOCTpaHCTBO TOUeK 


WAL, oy Mey ae te) yay (x) &* — NOJIMHOM C KOMIMJI€KCHBIMH jocTaTou- 
a 

HO riaykumu KoaptpHuMeHTaMM OT Mm MepeMeHHbIX §),..., Em; % = (%,---, Om)! 

fees a gem 

G 1 eee m . 


Tlonunom & (€) nopoxqaer AudepenuvasibHoe BbIpaxkenve / (D) = > Qa (x) D® 


ab) 
€CJIM BMeCTO Eg NMOCTaBATb — a -. Sto judpepenunasbHOe BbIpaxKeHHe ope! 
k 


qlesiseT HeKoTOpbIit onepatop P B L?, ecu Ha Kslacce OecKoHeyHO Uddepen 
UMpyeMbIX (pHHMTHBIX yHKuH Cy nosoxuTh Pu=F(D)u. B Aanbuelwe 
nod WuddbepeHuMasIbHbIM OllepaTOpoM, Mopor*eHHbIM J (D), OyaeT NOHHMATECS 
UMeHHO TakoH onepatop. JluddepenuMasbHOe BbIpaxKeHHe CopMaJIbHO comps 
»*KeHHoe K J (D), Syqem o6osHayaTb J* (D). 

Teopema 1. Samoikanue npoussorbHo2o cummempu4ecKoeo Ouddqeper 
YUaNbHO2O Onepamopa P c nocmosnHomu Koadquyuermamu seasemca Came 
CONpPAXHeHHbLM ONepamopom C 4“uCcMO HenpepoleHbim cneKmpom. 

J\eiicTBMTeIbHO, CaMOCONPAXKeHHOCTh 3aMbIKaHHA P SKBMBaJIeHTHA CaMoce 
NIp@KeHHOCTH 3aMbiKaHua P, MOSTOMY, €CJIM STO He Tak, TO IIpH HeBelleCTBEHHOM 
cymecTByeT cbynkuna p € L*?, p= 0, Takaa, uTo (6, Po) =z (9, ©) Aaa BCEX © €Cp 
r. e. \b(p) [# (p) —z]¢(p) dp =0. Tak Kak hyaxuus $(p)[#(p)—z] onp 
JessieT JIMHCHHBIM HEMpepbIBHBIH (:yHkUHOHaM / Ha mpocrpanctBe S (°), aHRy 
JMupyrourulica Ha Co, KoTOpoe moTHO B S, TO F==0. Oro nporusopeyuT 7 
nymenmio, ut0 pO. YKasanHast B Teopeme crpykTypa cnekTpa P ppiteKa 
u3 TOPO, YTO P—onepaTop yMHOxKeHHA Ha NMOMHOM # (p). 
3°. Jaa uccJleqoBaHMa clleKTpa BOSMYICHHBIX ucbiepeHuvabHpIx onepz 
TOPOB MOHAMOOATCA CJIEMYIOULHe JIeMMBI: 

Jlemma 2. Onepamop Jf =a (é) \ b(§— 4) f(y) dy enoane Henpepolene 


6 L?, ecau Oana ecex &€ E”™ 


Wey eee ee 


reper I@@I<C, | jag—wlan<—* 
E 


Sp Rass 47.1 , 
Inl< 4+ é/ 
ede 6 > 0, C — Koncmanma. 
JlelicrBurebHO, Onepatop J orpannuenubili. MoxHO noKka3aTb, 4To MI 


+ 1 #*\f1 
a> + 1 onepatop (JJ*)" uutrerpaJbHBIit c sqpom Tusnb6epra — Li muzi 


H, CJI@QOBATeJIbHO, BHOJIHe HelpepbiBHulit. Bpi6upasa ba 3akuIouae 

"TO onepaTop (JJ*)* toxe BrosmHe HeIpepbIBHbIM, Tak Kak (JJ*)" = 

= (Js). [I *, 3uauut, Brose senpepprBaniit Si ta 
Caenya (7), nommHoM #(E) GOyeM Ha3bIBaTb 10 JIHBIM, eciH papeHcr 


oy (6+ tv) = #(~) nmpu smo6om sBexTope Eu ckamApe ¢ BHIMOMHAeTCH TOsb 
8 


Wit y= 0. YWnpim ciopamu, nmommuom &(£) nomi, ecam oH CyLlecTBeHHO 
SABHCHT OT BCeX 1 TepeMeHHBIX. 


_ Byyzem rosoputh, sro nommnom Q(é) noqunHeHd MOMHHOMY &#(é), 


[Q(&) | Q (é) (g 


CJ ss Sea ee ees Spy mo6oro € E”, rye #(£) = 
=[UIFP OP" 1 FOE = Dw). 


JlemMa 3. Ecau noaunom Q(£) noduunen noanomy nonuHomy F(E) u 
FE) > 1 > 0,€€E”, mo cywecmeyem 5>0 u nocmoannaa C makue, umo 


\ leeanl? Size 


In|<1 
Jloka3aTesbCTBO JIEMMbI OCHOBbIBaeTCA Ha TOM, UTO gO l< Ci<co aaa 
& (6) ; 
mo6oro €€E” vw mepa MHoxKecTBa TOUeK 4, JIA KOTOPbIX Qe) ee 


2¢Tb 0 (/£) |~°). 

_ Teopema 2. IJIycme noaunome Q;(€) (j=1,...,k) ¢ nocmosnnomu 
Coa(ppuyuenmamu nod4uHeHol NoAHOMY NoAUHOMY P(E) U Cc; (x) — Oocmamo4no 
Joicmpo yOolsarouue enadKue GbyHKyuU (uUmeIom AOCOAIOMHO CymmUpYyemole npo- 
13600HHle Oo nopAxOKa qj; +2m-+1; g;—cmeneno noaunoma Q;(é)). Toeda 
3A MOLKANUE Renee OudpepentjuanbHoeo onepamopa, noposcdeHHoeo 


solpancenuem F (D) + » ¢;(x) Q; (D), seasemca camoconpssieHHolm onepamo- 
=a tal 
00M, NpedeAbHolli cCneKmp KOMOpoeo Coenadaem co cnekmpom P. 
Hloxa3aTeJIbcTBO TeEOpeMbI CBOAMTCA K MpoBepKe Ha OCHOBaHHN JIeMM 2 u 3 
SBINIOJIHHMOCTH =yCJIOBHH JIeMMbI 1 JIA OnepaTopa, YHHTapHO SKBUBaJIeHTHOrO 
mepaTopy, MopoxkAeHHomy uddepenuaJbHbIM BbIpaxKeHHeM, (POPMaJIbHO CO- 
k 


IpsPKeHHBIM K #(D)+ > c; (x) Q; (D). 


j=1 

B uacTHocT™y, ecru 6 meopeme 2 #(D)— aaaunmuueckoe ébblpaocenue no- 
In0Ka fr, mo 6 Kauecmee Q;(D) mozym Ovlmb e3Amet arobole Ouddepenyuaro- 
1O1€ BbLPQAIICEHUA C NOCMOAHHOLMU KoadduyueNnmMamu NopAOKA MenoWe Fr. 

Ecam Bo3myljaouluii onepatop C* B TeopeMe 2 He CHMMeTpHYeCKHH, TO 
MekTp ypaBHenus Pu + Cu = hu cocTouT 3 HeKOTOporo BellleCTBeHHOrO MHO- 
KeCTBa HM He Ooylee 4eM C¥eTHOrO MHOKeCTBA KOMIMVJICKCHBIX ces. IIpa stom 
IM Oa MpefesbHaAd TOUKA CMeKTpa He MO2KeT Jle?%KaTb BHE BeLLECTBeEHHOH OCH. 

B camMom jesie, Ha OCHOBaHHM paboTh! (°) Quid 9TOrO HY2KHO MOKa3aTb, YTO 


mepatop R,(P)C BnomHe HenpeppiBHEli. Ho yHuTapHoO SKBHBaJIeHTHbIH ome- 
aTOp coriacHo sIemMMaM 2 vu 3 BNOUHE HeMpepbIBHbIM, CJIeAOBaTeJIbHO, BIMOJIHe 


lellpepbIBHbId HU onepatop R,(P)C. 
B 3aKsu04eHHe BbIpankaio OnarofapHoctb IO. M. BepesancKomy 3a mocta- 
IOBKY 3aauH WH PA WeHHbIX 3aMeyaHHi. 


VUuctutyT MaTeMaTuKu Toctynuo0 
Axkaylemuu Hayk YCCP 17 IX 1958 


UMTUPOBAHHAA JIMNTEPATYPA 


1Y.M. Teapgdaug, A.T.Koctrwuenko, JIAH, 103, Ne3 (1955). 7 1IO.M.Be- 
yes aHCKUH, fife cOopx., 43 (85), Ne 1 (1957). %T. HW. Kau, AH, 119, Ne 1 
1958). 4A. 9H. Tlop3auep, Marem. cOopu., 32 (74), Ne l (1953). 5 UM. Taas- 
(au, JLAH, 80, Ne 2 (1951). ®U.M. Tenpgang, IT. E. Wuaos, Yen. marten. 
ayk, 8, Ne 6 (1953). 7L. Hérmander. Acta Math., 94, Ne 38—4 (1955). 
M. IU. Bupmaun, J[AH, 97, Ne 1 (1954). * H.M. Teas aug, Ycm. MateM. Hayk, 

» Ne 3 (1952). 
519 


Jjokxanm Akagqemun nayx CCCP 
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MATEMATHKA 


A. Ji. OHHIHK 


O TPAH3HTHMBHbIX FPYNMAX MPEOBPA3SOBAHHH KOMMAKTHbIX 
OJIHOPOJHbIX TIPOCTPAHCTB 


(IIpedcmasaeno axademukom II. C. AnexcanOposeim 12 1X 1958) 


B paOore paccmaTpuBaetca culeqyioujan saqaua, nocrapneHHaa E. B. [pin- 
KHHBIM. Ilycrb © — kommaxtHaa rpynna JIu, TpansHTHBHO uw sddeKTHBHO JeH- 
cTByIOWlad Ha MHOrooOpa3suH X; TpeOyerca HalitH Bce nogrpynnp &’ Cc G, 
TpaH3HTMBHO jlelicTBylomMe Ha X. Ora safaya pelliaeTcA ld HeKOTOPOP 
KlacCa OJHOPOTHbIX MHOrooOpa3Hi, BKJOUAIOWerO, B YaCTHOCTH, OJHOCBASHBI 
MHOrOOOpa3sHA C MOMOXKUTebHOM 9HepoBoH XapakTepucTHKOH. IJlomwyyeHHbr 
pesyJIbTaTbl NIPHMeHAIOTCA JIA BbIUMCJICHHA MAKCHM@JIbHbIX CBASHBIX Tpyll 
aHaJIMTHYeCKHX ABTOMOP(PH3MOB KOMMAKTHbIX KOMIIJICKCHBIX OJHOPOJHBIX Mi 
rooopa3nit. 

1. Mycrs & /§ —ofHopozHoe mpocTpaHcTBO KOMMaKTHOH rpynnpr* JIn G; 
@’ — samxuytaa nosrpynna rpynnp: &. O6o3Haunm uepes G, H, G’ anre6pni JI 
rpynn ©, §, ©! coorsetcrsenHo. Jlerko JoKaszaTb CJleqylolllee yTBepK enue, 

Jlemma 1. Curedytowue mpu ymeepocdeHUA aKeUeANeEHMAOL: | 

a) epynna &’ mpaxsumuena na mNoeoobpasuu &/ §; | 

| 


: 


6) G=G'+H; 

B) epynna § mpaxsumuena Ha mHoeoodpasuu & /@’. 

Tlogrpynny § KomnakTHol rpynnpt © mpl Oyem Ha3sbiBaTb R-noArpyt 
MOH, eCIM OHA COJepxKHTCH B HEKOTOPOH cOOcTBeHHOH mMoyrpynne rpynnp G, 
uMelouleH TOT Ke paHr, TO &. Sro nousTue Oblvio BnepBble BBeZeHO E. B. Jiptn- 
KMHBIM (7) [JIA MOJIYMpOCTbIX KOMMVIeKCHBIX are6p Jlu. Hau ocHOBHOM pesyJIb 
TaT COCTOHT B CJleqyrolleM. 

Teopema 1. [Tycme ©—npocmaa komnaxmunaa epynna JIu, mpaxnsu 
mueHad Ha MHoOeooOpasuu X, npuxem cmatiuoKapHaA nodepynna HC 
neanemcsa R-nodepynnot. Iycme &'—samkaymasa co6cmeennasa nodepynn 
epynno G, mpaxsumuenan na X. O6osnauum uepes G, H, G’, H’ anee6pu JI 
epynn &, §, &’, WG’ MH coomeemcmeenno. Bee eaoscenun G’ CG, eosHu 
Karoluue makum o6pasom, Oaromcs, Cc mouxocmbio Oo asmomopdusmoe aneeb 
pot G, mabauyeti |. 

HametuM JlOKa3aTeJIbCTBO STOM TeOpeMBI. Tlomb3yaicb Tem, 4TO § — R-nox 
rpymina, MOXKHO CBeCcTH TeopeMy K TOMY cJIyyaio, Kora § — MaKCuMasibHa 
Hosrpymia MaKCHMaJIbHoro paHra B rpynne ©. Ilycrb Tenepp §&— HeKoTopa 
KoMnakTHad rpynna JIM. Torga muorounen Ilyankape rpynnpr ® uMmeerT BH 

n 


PY Sab) = lI (1 + Pit) rye k;—HaTypambuble uvcna. O6osnauum yepe 


t=1 
R(&) HanOonbuiee u3 uucen k;. Tycts 2—noprpynna makcumMasmHoro pauré 


nh 
B rpynne & u nyctp P(L, t)= lI (eer ~*). Torza “3BecTHO (3), STO MHO 
im 


* 
Bce paccMaTpHBaembIe rpyNnbl HW UX NOATPyNMbl NpesAnoararwTcaA CBASHHIMA. 
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yunen Ilyankape mHorooOpasua &/2 umeer Buy 


P(&/&, t) = Il (Saas 


t=1 


co 
anuuem ero B Buje P(R/L, t)=]] (1L—t")%, rae a;— ueanpie wucaa. He- 
1 


| : 

| ie 

DYAHO MOKa3aTb, 4YTO HAabop uucen {a;} (i=1,2,...) evipaocaemca “4epes 

ucaa Bemmu mxoeoobpasuna &/2 u, caedoeamerbHo, AeARemcaA eco mono- 

DeuUHeCKUM UNBapuaHmom. O6o3HauNM yepes k(K/L) Takoe uucu0"k, To 

e=-0, Ho a;=0 gna Bcex i> k. 
TaOauna i 


Xx 


pen-i 


+ — 
{ pS 54”! unu donyckaem &*#! B 
Aavecinbe Oynucmnoll nakpoibarowedg 


5? 


V5 ull e20 yHubepcanbuan 
: Hakpelbarouyaa 


50(2n+2)/SU(n+1) unu eeo ynubep- 
CaNbHaA Hapa barowaa 


50 (4m)/Q(m) 


S0(4m)/Sp (2m) unu eeo ynubep- 
CaNbHAA HakpblGarouar 


B meppom cTon6ue Ta6muubl ykKa3aHa CXeMa JIMHeHHOro NpescTapue- 
Hua avreOpbi G’, peanusyroulero BsOx%KeHHe (cM. WOOaBseHHe K (?)); BO 
BTOPOM cToOWe ykKa3aHa MaKCHMAaJIbHad NofasreOpa MaKCHMAaJIbHOrO 


para H, cogepxamaa noganre6py H. B nocseqHem cTos6ue Hcmo0b30- 
BaHbI CJleqyioulne OOosHayeHHA: P* _ k-mepHoe KoMMsIeKCHoe MpoeKTHBHOe 
MPpOCTPaHcTBO; S* — k-mepnas cepa; G, , — rpaccmaHoso MHoroo6pasue 
| R-MepHBIX OPHeEHTHPOBAaHHEIX MOAMPOCTpaHCTB fM-MepHOTO SBKJHAOBa Mpo- 
eTpauctsa R"; Vin, k— WTHbereBO MHOrooOpa3He +OpTOHOPMHpOBaHHbIx 


k-penepop B R”; Q(m)— yHuTapHad KBaTepHHOHHad Tpylita MopstKa Mm. 
Uepes T o6osHayaetca oOfHomMepHas anreOpa JIu. 


| Jlemma 2. ITycme 2£— co6cmeennaa samknymaa nodepynna Komnakmxod 
gynne Ju &. Toeda: 

a) R(L) <R(R); 

6) ecru Q—nodepynna mMaKCcUMaAbHOZO paHed, He COOCPHCAWMAA CBASHOLX 
OpManonolx Ocaumenet epynne &, mo k(L)<k(K) uw k(K/2L) = k (8); 

B) ecau ® npocma u k(L)=k(K), mo L npocma u napa L CR codep- 
cumca cpedu caedymuux nap: CnC Ant, G2 Bs, BnC Dati, G2 Da, 
ie £,. 

f Cneqcrsue. IIycmp G —npocmaa Kkomnakmxaa epynna JIu, mpansu- 
WweHAA Ha OOHKOCeASHOM MHoeoobpasuu X noaovcumenbHou asiinepoeou xapaK- 
lepucmuxu; &’ — coOcmeennan 3amKAyman nodepynna epynneu &, mpaxnsu- 
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muenan Ha X. To2da &’ npocma u napa &' C& codepscumca cpedu nag 
YKABQNHOIX 6 NYHKMe B) NeMMoL 2. 

Ecam § —MakcuMasbHaa Moxrpynmma MakcHMaJIbHoro paHra, TO K MHOFO- 
o6pasuio X = &G/§ mMpumMeHumo cJleqcTBHe U3 JIe€MMbI 2. OxondaHHe ]0Ka- 
gaTesbcTBa TeopemMbI 1 cocTOHT B paCCMOTPeHHH BCe€X BOSHMKAIOULMX 3](€Ck 
culyuaes, MpHueM McMoub3yeTcH TaOJIMIa MaKCHMAaJIbHbIX MOArpyn] MaKkCHMasIb- 
Horo paHra B mpocrbix rpynnax (',’). 

Teopema 2. Iycmo X —KomnakmHoe mHozo0bpasue NnoAOdCUMeAHOL 
stineposoll xapakmepucmuku; @& — komnakmnaa epynna J/lu, mpansumusHo L 
spekmuenxo Oeticmeyrowaa na X. Ecau ®& codepocum npocmyto nodepynny 
mpan3umuenyio na X, mo u epynna G npocma. 

9. Tlycth X — KommuleKcHoe aHasIuTH¥ecKoe MHOrooOpasue. TIpeoOpasosa: 
HHe g MHorooOpa3uA X HasbiBaeTCA AHA MUTUYECKUM aBTOMOP®@H3MOM 

Ta6Ouuna2 eclu g uw g 1— aHamMTMuecKHe MpeoOpasoBa: 

Hua. Bpeem B rpyline Bcex aHaJMTMYeCKH> 
aBTOMOp()H3MOB MHoOrooOpasuxA X KOMIaKTHO 
OTKPbITYIO TONMOJOrHIO H OOO3HaYHM = Yepes 
U(X) cBA3HYIO KOMMOHeHTY eJMHHUbI B STO! 
Tomosioruyecko rpymne. Ecau mMHorooOpasu 
X KOMMaKTHO, TO, CorsacHo pe3symbTaTy Box 
Hepa u Moutromeph (°), 2 (X) — KommulekcHa 
rpynna Jlu. lIpamesHmM pe3yJIbTaTbl MepBol 
yacTH paOorbl AJIA BbIUMCsIeHHA rpynnpl W(X 
B TOM cJlyuae, korgqa X — KOMMaKTHOe MHOTPO 
Uepes Gla], rue «—npoctofi xo- OOpasHe, Ha KOTOPOM TPaHSHTHBHO M anaJili 
penb aureOpbl G, Mb O6osHayaem nog- THYECKH JCHCTBYeT MNOJTYNPOCTad KOMITVJI€KCHA€: 
areOpy, MopoxkteHHyio KkopHeBbIMA rpynma Jlu. B paOore (°) Ban yoKasau, YT’ 
BeKTOPaMH Cg, €_g, OTBeMaIOMIMMH nq Takoro MHorooOpa3sua X rpynna W(x 
mpoerany nop BIA aaretpt Gy pesycrupaa, 7. e. uMeet wig U(X) = We 
KOPHH Mbl HYMepyeM TaK Ke, Kak B rae 3— ueuTp, a B —nonynpocran NourpyE 
(2). B nocueaiem croa6ue yxasa- %a- M3 Hawux pesyibTaToB OyqeT BAKO, 4T 
Ha cxeMa fpefctapnenus, peanusyio- Tpynma %(X) nNowynpocta Torya u TOJbK 
mero ecTecTBeHHbIt = Tomomop)u3sM Tora, Kora sivlepoBa XapakTepucTnka y (A 

G— A(X). MHorooOpa3sHa X MOJIOXKUTEeJIbHA. 

Teopema 3. ITycme X = G/§ — komnaxmnoe KomnaeKcHoe OOKOpOORK 
MHOz200bpasue npocmott KomnaeKcnolt epynno Jlu ©, npurem y (X)> 0. O6¢ 
snauum uepes G, H, A(X) aaeebpot JIu epynn &, §, U(X) coomeemcmeenn 
Toe0a: 

a) epynna X(X) usomopdua npucoedunennotl epynne aazeOpu JIu A(X] 

6) A(X)=G sa uckanuvenuem caywaee, yKasaHHelx @ mabauye 2. | 

[IH NOKa3saTeJIbCTBAa TeEOpeMbI 3 3aMeTHM, UTO, Kak MoKasam Matycuma (7| 
rpynna W(X) B Hawiem cayuae nomynpocra. Jlanee, ecau & u Q — maxcy 
MaJIbHbI€ KOMMNAKTHbIe Noyrpynnet rpynn & u W(X) coorsercrBenuo, To & 4 | 
TpaH3MTHBHbI Ha X. Tak Kak § mpocra, To mo Teopeme 2 rpynna & TaKy 
Mmpocra, Mocle Yero TeopemMa 3 BbIBOJUTCA H3 TeopembI |. | 

Ilyctb Temepb AaHo KOMMaKTHOe MHoroobpasve X = G/ H, rye G—nony 
npocrad KOMMleKcHast rpynna Jlu, Takoe, uto xy (X) > 0. Ecau © = G@, ... G4 
pasjionwkeHne rpynnb! G B npousBeyqeHue MpOCTLIX HOPMAaJIbHbIX emHTeNeH, 
H=H1---Hr, rae Hi C Gin X =X, x... x X,, rye X;= G,/ H;, Tpynn 
W(X.) MoryT ObiTb BHIYHCJeHbI Mp MoMouM Teopempr 3. [na BbruncneHuA rpy! 
TIbI U(X) = U(X, x... x X,) MoxKHO Bocnoub30BaTECA crenyiomet ob 
Teopemoli. 

Teopema 4. ITycmo X,, X,—Kkomnakmnole KomNAeKCHbLe AHAAUMUMECKE 
mHoeoo6pasua. Tozda U(X, x Xs) W(X,) x W(X). | 

Hasopem aHaJIHTMUCCKUM PpaCCJOCHHEM aHaNNTMYeCKOrO MHOr’ 
o6pasua E anasmuruueckoe oTOOpaxkeHue pp MHoroo6pasua E Ha HeKoTopt 
MHOorooOpasve B, Takoe, uto p1(b) ana Bcex b€B sapaaerca cBa3HbiM m0) 
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HorooOpa3vem MHorooOpasua E 6e3 oco6exHocreilt. Teopema 4 Jlerko BbIBO- 
MTC W383 CleyIouleH JIeMMbI: 

JlemMa 3. [Tycmo p: E—> B — anaaumuueckoe paccaoenue KOMNaKMHO2O 
MHoeoobpasun E. Toda ecakutt aemomopdusm g € U(E) ydoeaemeopaem ycao- 
BUIO: eCAL P(X) = P(Xa), mo pg (xX) = pe (%»). 

__ Hokxasaresabcerso. Iycrb {U;} — Koneynoe noKpbirue MHoroo6pasua B 
oOactamu U;, Kaxkad 3 KOTOPbIX aHaulMTHUeCKH H30MOpipHa wapy B KOM- 
MII€KCHOM adpHHHOM MmpoctpancTBe, H mycTb {V;} —Takoe OTKpbITOe MOKpbITHE 
MHoroo6pa3ua B, uro V; C U;. O6o3HauHM depe3 WW MHOxKeCTBO BCeX TaKHX 
gEU(E), wo got(V;) Cp t(U,) ana Beex i. Torna W —oxpectuocts egu- 
HHUbI B rpynme Y(EL). Tak kak W nopoxgaer YX(E), TO MocTaTouo JoKa- 
3aTb memmy aia gEW. Ilycth gEW u p(x,)= p(x.) =yEV;. Dna seaKoli 
TOUKH xX€ p(y) umMeem pg(x)€U;. Takum o6pasom, pg oToOpaxaer mpo- 
ctpanctBo F,=p*(y) B U;. Tak kak U;— wap B adpuHHom mpoctpanctee, 
a Fy — KOMMaKTHOe aHaJIMTHYeCKOe CBASHOE MHOrOOOpasHne, TO OTOOparxeHne Pg: 
F,—> U; nocrosuuo. Tostomy pg (x1) = pg (x2). 

OrTmeTHM elle OHO culeqCTBHe u3 JeMMbI 3: 

Ilycme E —komnakmunoe odxopodxoe mxozoobpasue &/H, ede G — kom- 
naekcuaa epynna Jlu, u nycmo p: E-—» B — anaaumuueckoe paccaoenue mxHo- 
eoobpasun E. Toeda cywecmeyem maxan samkaymasn axanumuueckaa nod- 
Bpynna § <G, codepxayaa §, umo B=G/H, a p omooedecmeanemca 
c ecmecmeennoti npoexyueti & | §—> G/H. 

PaccMoTpHM Telepb KOMMaKTHOe KOMIJIe€KCHOe OHOposHoe MHOroobpasHe 
X= ©6/S, rae G—nonynpoctras KommuekcHaa rpynna Ju, vTaKkoe, To 
yy (X) = 0. M3 pesymbtarop paOoTE (°) HeTpydHO BbIBeCTH, TO cyllecTByeT 
‘cBAgHat 3aMKHyTat aHamuTuyecKad nogrpynna § CG, oGsaqawmaa cneyro- 
mluMa cBolicTBaMu: § C § HM ABMAeTCH HOPMaJIbHbIM JeJMTeJIeM B §; 2 =$/H— 
KOMMaKkTHadA aOeeBa rpymna; ecu X= / 8, to ¥(X) >0. Tpynna & ana- 
JIMTHYIeCKH JlelicTByeT Ha MHOrooOpa3Hu X no cJleqylouleH opmyuie, rye yepes 
r(¢) oO603HaueH aHamHTHYeCKHH aBTOMOptpu3M MHorooOpasnaA X, COOTBETCTBYIO- 
uu sementy ¢ €T: 


r (AH) (gH) = gh® (hE, geS). 


‘JlerKo BHJCTb, 4TO X SABAAeTCA AaHaJIMTHYCCKHM TJIaBHbIM PacCJIOCHHbIM Ipo- 


cTpancTBom c 6a30H X u rpynnoH Y. H3 KomnaxruocTu rpynnp LT cwepyer, 
YTO aBTOMOP(bu3MbI H3 STO rpynnbl cosepxKatTcaA B WeHTpe rpynmbl A(X). 
Teopema 5. Ecau U(X) =G, mo epynna U(X) nopomdaemca anaau- 
MUMECKUMU aBmomopdu3mamu us epynn Gu &. 
_ JlokagaTesibcTBO TeopemMbI 5 OCHOBaHO Ha CJieyIollel JIeMMe. 
Jlemma 4. Ilycme X —ces3Noe KomnaKmMHoe KOMNAeKCHOe AHAAUMUHECKOE 
mHoezoobpasue maKoe, umo H1(X, Z)=0, u nycme XT — Komnaexcnaa abencea 
epynna Jlu. Tozda ecaKkoe ananaumuueckoe omobpaotenue f: X ZX nocmoanno. 


MockoscKu rocyJapcTBeHHbIt yHHBepCuTeT , Ilocrynusno 
um. M. B. Jlomonocopa 12 IX 1958 
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MATEMATHKA 


A. H. MOBOJIOW.KHH 


ONPEAEJEHWE YIrJIOBOrO NOPAAKA JIOKAJIbHO MPOCTOM 
KPHBOU 


(IIpedcmaeaeno axademuxom I]. C. Anekcandposoim 19 1X 1958) 


Ilpu ucceqoBaHun mceBsoanamuTHueckux PyHKUMH, Kak NoKasan Mope (), 
OOIbILYIO POb UFpaloT ABe TOMOMOPMYeCKHE XapaKTe€PHCTHKUM Pa3JIHUHbIX JIO- 
KaJIbHO MIpOCTbIX 3aMKHYTBIX KPHBbIX: NOpsAOK g(a) KPHBOH OTHOCHTEJbHO 
TOUKH Q@, He MexKallleH Ha KPUBOH, HM YIIOBOH NOpAAOK p STOH KPHBOH. 

Oxka3bIBaeTCa, MEK Ay STHMH BeJIMUHHAMH CYLIeCTByeT TeCHaA CBA3b: yIVI0- 
BOH MOPAOK p MOET ObiITb BbIPAKeH Yepes NOPAAKH g(a) OTHOCHTeMbHO pa3- 
JIMUHBIX TOUeK. Ha cyllecTBOBaHue TaKOM CBA3H Hallie BHHMaHHe OOpatua M. A.. 
KpacHocesbckuh. Hacrosiilan 3aMeTKa MOCBHAIeHa yCTaHOBJICHHIO STOK CBA3H. 

1. Ilyctb [ —nuockaad 3aMKHyTad KPMBad, ABJIAIOULaACA HeMpepbIBHBIM 
MU JIOKaJIbHO B3€MMHO-OJHO3HAYHBIM OOPa3s0M OKpyKHOocTH. Ha I’ onpeyeneno 
MOJOKUTebHOe HalpaBseHue oOxoya. Ilycrb TI umMeeT suuIb KOHeEUHOe YNCAO 
TO“eK CaMomepeceyeHHA HW CaMOKaCaHHA, MpHYeM B KaxKJOH Tako TouKe nepe- 
CeKaloTCA WH KaCaloTcaA JIMMIb KOHeYHOe YNCIO YacTHUHBIX pyr I’. Kaxpzyic 
TakylO TOUKY Ha30BeM y3J10M kKpnBoH I’. 

Ilmocxoctb, B KoTOpoH mexutT I, MoxkHO paCCMaTPHBaTb KaK MJIOCKOCTE 
KOMIWJI€KCHOrO MepeMeHHOrO Zz. Karka HeMpepbIBHad BeTBb (pyHKIUHH 


= Arg(z—a) (a€éT) 


pH MowHOM oOOxope z KpuBol IB nonoxKUTebHOM HalpaBseHHu H3MeHAeTCS 
Ha Weloe unco g(a). Oro yncIO HM HasbiBaeTCH NOPARKOM KPUBOF 
20 DH Ores rhe Wieb: H ONTTO UEKerNea, 

Besmuua q (a) He M3MeHAeTCA MPH HeNpPepbIBHOM H3MEHEHUH Q, ECM B TIpo- 
mecce STOrO H3MeHeHHA a He Monayaer Ha I’. Tlostomy Aun Bcex ToueK KaxKJOr 
OHOCBASHOH OOJacTH D, orpanvyeHHo uactbio I’, Beauunna g(a) onna u Té 
*Ke. CleHOBaTeJIbHO, MOMHO TOBOPHTb O NOPAAKE KPHBOM OTHOCHTEIbHO OHO: 
CBASHOH OOacTH HIM, KOpoue, ONOPAAKE OGMacTH Gg (D). 

PaccMaTpHBaemad KpuBas I’ pasOuBaer (z)-nocKOCTb Ha KOHe4HOe YnCIO MM 
OMHOCBASHBIX OOacTeli D; (j = 1,..., m). Tlopsayqku stTux o6nacrteii o603Ha: 
uum g (Di) (7 = 1,..., m). SameTuM, 4To Win OOnacTu, copmepxamel Gecko 
HeuHO yaeHHy!o TOUKY, NOPpAAOK paBen Hyvsio. Jia WByx coceqHux o6sacrel. 
rpaHu4alluX BAOb HEKOTOPOK yacTHuHOH Ayru T', nopaaKu otauyaires Hi 
eQMHUILy, Ipwyem y OOwlacTu, mexallel cepa oTI' (OTHOCHTeMBHO NOMOKUTeEM 
Horo HanpaBnenua I'), nopazoK Gombe. 

2. [Ipeqnonoxkum Tenepb, uTo KpuBaa I’ peryaapxa. B stom cnyuae Ha I 
OmpeyeeHO HeMpepbIBHOe NONe KaCaTebHbIX BeKTOPOB eHHHUHOM JIM! 
HampaBJeCHHA KOTOPbIX ONpefedatoTCA HanpaBenuem I’. IIpu nomnom o6xoK 
[ B NOMOKUTeIbHOM HalpaBseHHH KacaTesbHbIti BEKTOP COBepliaeT MOBOPC’ 
Ha yro 2xp, kpaTHblit 27. Ienoe yuco p HasbIBaetca Yr OBLIM 10 
Path K OMe: 

YIJIOBOH NMOPALOK MOXKHO OnpeseuTb wu WA KYCOUHO-peryuApHOH KpHBOH 


B Tex Toukax sTOH KpUuBOli, rye peryapHocTb Hapywmiaercs, onpeneeHb! IB 
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“acaTeybHbie. MoxkHo onpeyeutb yrom moBopota (Mexkyy — u =) ONHOM 13 
|THX KacaTeJIbHbIx (Mpesbiqyuel) K Apyroi. Uucno nomubix O6opoToR p Ka- 
)aTeIbHOH MpH OOxose sTOH KPHBOM B NMOJOMMTeEMbHOM HanpaBseHuu OyzeT 
| TJIOBLIM MOpALKOM KpHBO!. 

| Ecau kpuBad orpaHnunBaeT OHOCBASHYIO OOMaCTb, TO pH OOxose ee mpo- 
MB YaCOBOH CTPeIKH yrVIOBOH NOpsAoK pape 1, a npn oOxoge B O6paTHOM Ha- 
oo —1. IIpu n-KpatHom o6xoje Tako KpuBoi yruoBol nopsqoK pa- 
seH n WIM —n. 

_ 3. Paccmorpym ofuu 43 y3n0B A Kpusoli I’. Hexoroppie yactuunpie zyru I’, 
‘ipoxonauue yepes A, conmpukacatotca pyr ¢c Apyrom. CospokynHocTb TaKHXx 
llyr HasoBemM 1 y 4K OM. HexkoTopble nyukKH MOryT cOmep2xKaTb JHUIb OMHY Try. 
\CONMYECTBO MYUKOB, Mpoxosmmux yepes A, o6osHauum k. Kaxypie pba myuKa 
jlepeceKaloT pyr Apyra Mo HeEKOTOPLIM yrvioM. 

Kpyrosax oKpectTHocTb Touku A focTraTouHO Maworo pafuyca pasOuBaeTca 
)IPOXOAAULuMM Yepes Hee Ayramu I’ Ha KOHeYHOe YHCMO KPMBOJHHeMHDIX ceK- 
ropos. CeKkTopbl Mexkly AyramM ofHoro myykKa HasOoBeM Ce€KTOPaMH 
ile pBOrO THIa, Y HUX WeHTpPabHble Yrbl paBHbI HyJIKO. CeKTOpbI Mex- 
ly Ny4kamMu Ha30oBeM CEKTOPaAMH BTOPOToO THI14a, Y HUX WeHTpaJIbHble 
\/TJIbl OTJIMUHbI OT HYVJIA. 

‘B oxpectuoctu A mponspezem jepopmaumio TI tax, uroOn tWeHTpadBHBIe 
ie y C€KTOpOB BTOporo THMa CTaJIH OJMHAKOBbIMH (paBHbIMH 7 /k), HO TIpH 
9TOM JOJDKHbI COXPaHHTbCA KOJIMYeCTBO M MOPAOK CeKTOPOB, MPHMbIKAarOUluXx 
x A, uM He HapyuiMTbcaA perynapHocTs T. Taxa jecopmaliua, oveBuqHO, He 
i3MeHAeT yruioBoro nopasqka IT, komuyectsa oOsactei D; u ux mopagKos q (Dj). 
Kaxkapii cextop S,; npuvayiexuT HeKoTopoH o6smactu D;. [lpunuuiem cex- 
ropy mopagok q(S,), paBHbIi mopamky sto oOnactu. Ilyctb gq; —cymma 
JOPANKOB CeKTOpoB Mepsoro Tuma B A, a g,—BTOporo Tua. 

Mumwekcom y3aa A Ha3oBem uncno i(A), ompeyeneHHoe paBeHCTBOM 


| i(A)= (a +=-w)- (1) 


Buywo, 4TO HHfeKc y3a onpeyemneTca NOpAyKaMu TeX oOlacTel, KOTO- 
Pbl€ MIPHMbIKaloT K y3uJy. 

p 4. Ilyets A; (fj =1,..., 2) — yanur I, a i (Aj) —ux uuzexcwl. 

Ces36 yenoeoeo nopx0Ka T c nopsadKamu obaacmeti D; ycmanaeaueaemca 
pasexcméeom 


re 
if 


p= Yi q(D) — Si i(A). (2) 
1=1 


f=2 


JjoKaxKeM cCripaBefIMBOCTbh 3TOrO paBeHcTBa. PaccMOTpHM CHaualla Te H3 
o6nactei D;, nopayqKu KoTOppIx paBubl |. Ilycrb ux KOmuuecTBO m,. [panuly 
KaxK]OH TakOM OOacCTH OPHEHTHPYeM MOMOKUTEMbHO. OTa OPHeHTalluA Ha TeX 
gqactaX TpaHHUbl, KOTOpble OTMeAIOT paccMaTpuBaemble OOacTH OT OOvIacTeli 
nopagka 0, copnamaeT c HanpaBsenuem I’. Ha octTasibHbIx Wyrax rpaHHUbl, OT- 
JIeIAIOUUX paccMaTpuBaemble OOacTH OT OOacTeli NOpsAyKa 2, 9Ta OpHeHTa- 
WMA MpOTHBONOOKHA HanpaBmennio T. Tak Kak Kaxkad OONACTh OMHOCBASHA, 
TO CYMMA MOBOPOTOB KacaTeIbHbIX Ha PpaHniwlax paccMaTpuBaeMblx oOulacTeli 
paBHa 2umy,. 

PaccmorpuM Tenepb oOsacru nopsyKa 2, KouMYecTBO KOTOpBIX me. [lono- 
*KUTEIbHaA OPHeHTALlUA rpanull sTHX OGsacTeli coBnafaeT Cc HanpaBseHnem I’ 
Ha rpaHullax c oOmacTamMu mopszKa | uM MpoTHBONOOKHa HallpaBJIeHHIO Q 
Ha rpaHuuax c o6ulacTamu mopsayKa 3. Ecunm Kaxkiyl0 U3 STHX mes TpaHntl OOOH- 
TH 2 pa3a B MOJOKUTEIbHOM HallpaBJIeHHu, TO CyMMa IIOBOPOTOB KaCaTeJIbHBIX 
OyyleT paBHa 27-22. 

B o6mel cymMe 2x(m, + 2me2) MOBOPOTbI KacaTeJIbHbIX Ha Jlyrax, OTC A10- 
mux oONactu nopayKa | or o6smacTeli nopaAyKa 2, YUNTHIBAIOTCH OHH pas B 
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HanpapuieHnu I’, Tak Kak Take AY NpOXOAATCA OMMH Pas B OTPHIaTeJIbHOM 
HM J[BaxKbl B MOJOKUTeEIbHOM HanpaBeHnn I’. 

TlopTopHM avaJiorMuHble paccyKJeHHA Ayia OOnacTeH nopayKa 3, 4 HT. J, 
a TakoKe lid O6slacTeli OTPHUaTeMbHBIX NopsAyKoB —1, —2 u 7T. A. Tpannier 
oOlacTeli mopxyka t, KOJIMYeCTBO KOTOPbIX Mz, OOXOMATCH f pas B NOMOKH- 
TeJIbHOM HalipaBsiesuu, ecu ¢>>0, u B OTpHuaTedbHOM, ecuim t < 0. O6oulan 
CyMMa IOBOPOTOB KaCaTeJIbHbIX PaBHa 


Qn >) time mt »4 q (D;). (3) 
j=1 


B 9To CyMMe MOBOpOTbI KacaTesbHOH Ha BcexX jyrax TI yureHbl MO OfHOMYy | 
pa3y B Halipapsienun I’. 

BenuuynHa (3) oTmMuaeTcd oT 2xp MOBOpOTaMH KaCaTeJIbHbIX B Y3JIOBBIX | 
Toukax. HaiigqemM 3TH JIMIUHUe MOBOpOTLI B KaxKJOM y3avie A;. Ecau S, — cektop 
nepporo Tuma y3uia A; nopamka q(S,), To mpu q(S,)-KpaTHOM OOxoJe rpaHHlbl 
o6ylacTH, K KOTOpOH MpwHayexHT cekTop, B Aj ObIIH MpOH3BeeHbI MOBOPOTE! | 


Ha o6muMA yrom mg(S,). Ecan «xe S,—cextop BToporo Tuna, To B A; upous 
8 ace | 
BeeHbI MOBOPOTBI Ha OOWHH yrou (x—F)q (S,). CuaeloBaTebHO, BCero 


| 
ae ; | 
B y3ule A; Mpow3BeeHO MOBOPOTOB Ha yroul «(qi -- 92) == 2ni (Aj), 4 BO 
n 
. 

BCeX y3Jlax Ha yroul 2 * i (A;). OTctoqa BbITeKaeT CIpaBeAJIMBOCTb paBeHCcTBa (2). | 
j=l | 

dD. H3 (2) BHAHO, YTO CYMMa HHJeKCOB Y3JI0B eCTb UHcJIO esoe. IloKaKem, 
uTO H KaxkAblH wHeKc (1) ABsINeTCA WeJIbIM UHCJIOM. | 
Jlehopmaumio TI B oxkpectuoctu y3ulia A, He H3MeCHHAIOULY!IO KOJIMYeCTBa HW 
PacnoOJIOxKeHHA CEKTOPOB, MOKHO IIpOH3BeCTH Tak, 4TOOBI Bce Ayru T, nmpoxo- 
Asuue uepes A, oOOpasoBaH OJMH myyoK. Takad epopMalud He H3MeHHT 
HH yrvloBporo NopayKa, HH NopsyKoB oOsiacteH D;, HW WHACKCOB OCTaJIbHbIX 
y3J10B, a MOTOMy He HW3MeHHTCA M MHAeKc y3sla A. Ecum gq} — nopast CyMMa | 


MOpAAKOB Ce€KTOPOB II€pBoro THIla (9TO BCe CeKTOPbI, KDOMe TByX), TO 
i (Ave yea: (4) 


Ilopaqkn coceqHUX C€KTOPOB ABJIAIOTCA UNCaMH pa3sHO YeTHocTH. [losTO- 
My CYMMa IOPAKOB JHaMeTPaJIbHO MPOTHBOMOJIOMKHBIX CeKTOPOB eCTb HCO 
yeTHOe, CCIM KOJIMYeCTBO Map CeKTOpOB B A 4HCIO YeTHOR, H 9Ta CYMMa HeuerT- 
Ha, €CJIM 4YHCIO Map ceKTOpoB HeyeTHO. Ho B TOM H Apyrom culyyae q*; — 4eT- 
Hoe YHCIO, a CJIeEMOBaTeJIbHO, HHAeKc i(4) — 4uncmo Wes0e. 

SameTuM, 4TO m0 cbopmyste (4) HHZeKCHI y310B NOACUNTHIBAaIOTCS Hoee MpocTo, 
yueM 10 (bopmyvie (1). 


Tloctynusao 
18 1X 1958 


UMTMPOBAHHASA JIMTEPATYPA 


Fe : ae Mope, Tonojornyeckne MeTOAE TeopHH PyHKUHH KOMMWeKCHOrO MepemMeHHOroO, 
; ; 
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Jloknxann Akagzemun Hayk CCCP 
1959. Tom 124, Ne 3 


MATEMATHKA 
M. ®. THMAH 


) 

| K BOTIPOCY O CBA3H MEXKAY NOJIHbIM WH 4YACTHbDIMU 
HAWJIY GUMMY NPHBJIMDKEHHVAMUY ®YHKUMA MHOrHXx 
MEPEMEHHbIX 


(ITpedcmaeaneno axademuxom C. H. Bepaumetinom 30 1X 1958) 


B (?) HaMH JOKa3aHa CJleqyioulaa Teopema: 
Pea (a, 6-746) ¢L,, | <p <eoo, mo np p >A 


| ee nll Lp <Cp min {En,. eed Ny ; olf )t, Se Bee an (fi pt (1) 
el AR Sa Ps a AS 


SS _ — a . - ae - - 


mou p= 1, p=0o 
ie rnyp all )) Inv, «+. Itty}, (2) 
Vp Cie. hn T anit Onc.) 1 ORR AD], 
Je Cp u C—kKoncmanmol, He 3agucauue om dyrKyuu f. 
Secb MIPpHHATHI Te »%e OOO3HAUeHHA, UTO H B (?). 
Hepasenctso (2) B cayyae R=2 nu p=co nomyyexo C. H. Bepauitei- 
om (1), OOpaTHBLIHM BHHMaHHe Ha TO OOCTOSTeJIbCTBO, UTO H3 HepaBeHcTsBa (2) 


pu k=2, p=oco Aaa cdyyKkunn f (x1, X.) C MpOMsBO/bHO 3aaHHbIMH En, oo (f) 
— En,co (f) HE BbITeKaeT H3BECTHOe HepaBeHCTBO (°) 


En, ne (f) <C{o(f =) + 0(f =)f. (3) 


ny 


ne 
o(f;.41) = sup || f (1 + th, %2) — fF (%1, ¥2) II, 
\til<hi 


O(f; 42) = sup | f (vt tee ba) f (1, Xs) (3 
|te|<he 


'— aOcOJIOTHaA KOHCTAHTA. 
Huxke MpHBoguTcA HepaBeHCTBO JIA culyyaeB p= 1 Hp = ow, BKJOYAaTOLlee 
ceO6a HepapeHcTBo (2) HM Jlalolllee BO3MO?KHOCTh MOJIYYHTb HepaBencTBo (3) u 
pyrve HepaBeHcTRa JIA UdpepeHitMpyeMbIX (pyHKIMH, yKa3aHHble B (*). 
Teopema. Jlua ecakoli HenpepeleHoti nepuoduxecKkoll nepuoda 2x no Kadc- 
oti us nepemeHHolx MynrKyuu f (xy,..., Xe) Cnpacedaueo Hepaeerncmeo 


pesey 


shy ery yeas np co (f) In ante}, (4) 


ny —m +4 ny, — my, +A 
ee ae ee ee te 2) deeds ol lel 2]; ie Sh, 


Je C He 3a6eucum om qbyxKyuu f, my, Ny. 

AuasorvuHoe HepaBeHCTBO MMeeT MeCTO HM JIA MHTerpHpyeMbiX (pyHKUMit 
9= 1), ecm BMeCTO paBHOMepHbIxX MpHO/IMKeHH PacCMaTPHBaTb MNpHOMxKe- 
iA B CpesHeM. 
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Tlonoxkus my, = my, (7 =1,2,...,7), MOyIHM HepaBeHCTBO (2). Ecsm 
my, = [Uy] (a1, 2,5. 32), Ter Ob = 1, TO BMecTO HepaBeHcTBa (4 


nowly4uM 
Eny...antp (f) <C, min LE ny poonstty 00 (f) =e Ey, eer tty gs Cs ( 
yp 17/2 0 Re eae ts oe eT Zh 


rye C,— KoucTanTa, He 3aBucAiad oT cbyHkumn f. 
V3 (5) nenocpeycTBeHHO CJlezyeT, UTO 


Eag..mp (fF) <Cy,e min {En,,00 (7) + Emy,co OF) Aveveds 
PEE Em,_4,00 (f) + E my 44,00 (f) +++ + Emy,co (f)}, ABE 


rye Cy,,— KOHCTaHTa, He 3aBucaulad oT dyHKUMH f: 
Jloka3saTembcTBO HepaBeucTBa (4) NpHBexeM JIMIb AA PyHKUM 

JIByYX TIe€peMeHHBIX, Tak Kak JIA (PYHKUMH Oo/bUIOrO UHCa TMepeMeHHbIX OHf 

MpOBOAMTCA aHaJIOru4Ho. | 
Ilyctb 


2m 


Sry (Fi 15 ¥2) = —\ f (81 + fay 2) Dn, (ta) dy, 


0 
rye 


__ sin4/ (2n + 1)¢ 
AOS ia 
4 c 
Sny,m, (fF; x1) Xe) = —\ i (x4 ae Ga ie Xe) 


0 


Dm, (tt) + +++ + Dp, (t1) 
ny — my + 1 


dty. 


Vspectuo (4), 4To 
27 


coma \lDmlt)+-..+DaQidt= Stn +0). 


Ilyctb Tenepb Tn, (X1, X2) — TpHTOHOMeTpH4eCcKHHi MHOFOWJeH, OCYILeCTBIAK 
Wu YacTHOe HawJlyymee MmpHO/IM2KeHHe B PaBHOMepHOH MeTpHKe nopsyKa 
M10 MI€peMeHHOH X2, T. e. 


Enz,00 (f) i | i (%1, 2) og Tn (*1, Xo) ||. 


Tora oueBHHO, YTO B CHJIY H3BeCTHBIX CBOHHCTB CYMM. op,m(f) (°) u ( 
oJty YHM 


Eni tts (f) < | i (X1, X2) — Sny,m, (Tras X41, X2) | < 
< | [ (X41, X2) — Sry, te “1, X2) | = | Sry, (f aaa ors X15 X2) | < 


SC {Emyco (Ff) + Engco (f)} at (8 
AHaJIOrH4HO JOKasbIBaeTcsA, TO | 
E nym (f) < C {Emo (1) + Enyco (f)} In ——>—_.. (S 


, Me — My + 1 
His (8) u (9) cuenyer HepaBenctzo (4) na cayyan k = 2, 


J{nenponerpospckult CebCKOXO3sSiiCTBEHHBIH Iloctynuso 
HHCTHTYT 29 IX 1958 


UMTMPOBAHHAS JIATEPATYPA 


. 1C. H. Bepumretu, Tp. Matem. uuct. um. B, A. Crexnosa, 38, 24 (1951 
7M. ® Tuman, JAH, 112, Ne 1 (1957). ®Y.T. Hatauco H, KoxctpykKTuBH 
Teopus dynkunit, 1949. *C.M. HukoabcxKu it, Usp. AH CCCP, cep. matem., 4, 5 
(1940), © C.H. Bepumrefiu, JAH, 59, 1379 (1948), afi 
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Joraann Arkagemun Hayk CCCP 
1959. Tom 124, N 3 


MATEMATHKA 


Usex-Koppecnonzent AH CCCP A. H. THXOHOB uw A. A. CAMAPCKHE 


O CXOJAMMOCTH PASHOCTHbIX CXEM B KJIACCE 
PA3SPbIBHbIX KOI®HILHEHTOB 


_ Muorve pasnoctTHble cxembl, MpHMeHsAemble JWI pewieHHa JucdepenuMa JIbHbIX 
JABHEHHH C MepeMeHHbIMH KOS(PHUWeHTaMH M CXOMsMUMeCA B KIacce rlaqKux 
ISPPULUMEHTOB, ABJIAIOTCA PaCXOJALIMMHCA B CJIyYae paspbIBHbIX KOSPPpHLLNeH- 
iB. Lieb HacToaeH cTaTbH — yCTaHOBHTb HeEOOXOAMMbIe ycs1OBAA CXOAUMOCTH 
ISHOCTHBIX CX€M B KJIACC€ Pa3PbIBHbIX KOSPPHUMCHTOB JVI ypaBHeHHA 


d ‘loa 
Lu= slog g|=—f) (O<x<1,0<m<p(x)<M), (1) 


TaKKe JaTb OOWLYIO XapaKTepHCTHKy Ks1acca HOPMAJIbHBIX (1) CxeM, yJOBJe- 
SOPAIOLIHX HEOOXOAHMOMY YCJIOBUIO CXOAMMOCTH. 

n. 1. Paccmorpum Kjlacc yudpepenunabHbix onepatopos Ly, ompeyesIeH= 
IX Ha wHTepBaie 0 <x <1, M CoOTBeTCTBYIOULyIO HOPMaJIbHYIO pa3HOCTHYyt0 


cemy (cm. (')) Li”, onpegesenuyio Ha paBHoMepHoit pasHocTHOH ceTKe Sy 
Me. Vl, ney KN IN 1): 


(ee ip Me 

re A:= A[p(s)], Bs = Blp(s)] mpu p(s)=p(%r+sh) (—l<s<l1); An 
—HOPMA@JIbHbIe, T. €. JIMHeMHbIe pery/IAPHble, MOJIO%KUTeJIbHbIe H He 3aBHCA- 
we oT A (PyHKUMOHAaVJIbI, YAOBJIETBOPAIOULHe YCJIOBHIO B3aMMHOM CHMMeTpHH (?). 


| nm. 2. Bygem uaspipatp Li?) KBasuKOHCepBaTHBHOH pa3sHocTHOn 


xemou, ecan B;=A;4, wun Bl[p(x;+sh)] = A[p (xi:41-+ Sh)] B kKaacce 
m(p). Ecau A wu B— smuelinble perynpHble (pyHKUMOHaJIbI, TO YCJIOBHe KBa- 
AKOHCEpBaTHBHOCTH O3HayaeT, TO: 1) dyHKuMoHan A[p(s)] ompegeten. qua 
YHKUMH p(s), 3a,aHHbIX Ha uHTeppate —1<s <0, a B[p(s)]—Ha untep- 
ane O<s<1; 2) B kacce pa3pbiBHbIx KoxppuuneHTOB Qn(p) Bl[p(s)] = 
= A[p(1+s)] +T [p(s)l, rae I [p (s)] — Hyab~pyHKuvonan (cM. (?)). 

_ Ecau ycenosue B; = A;+1 BbINOMHAeTCA MB Klacce Qm(p), TO pasHOCTHy10 
xemy Li” mpl OyeM Ha3bIBaTh KOHCePBaTUBHOLi cxemol. B 93Tom 
myyae B{p(s))}=Alp(1+s)] gana p(s)€Qm, WM pasHOCTHbIM onepaTop 


1” mookHO mpegqcTaBuT> B Bue 


ce al ee ee 4 
LP y= 5 | oo A; |= 7a A; Vy) « 


1. 3. Mepeiiqem K u3y4eHHIO BoMpoca O CXOAMMOCTH B Qm(p) HOpMasbHOt 
a3HocTHo cxemb! (2), HMelouleli 2-1 MopsxoK TOYHOCTH B Cm(p) (m>3). 
IpenonoxKuM, 4To p(x) W3 Qm WMeeT pa3pbIB l-ro poqa B TouKe x=§& 
9<:< 1), mpuyem §E=%X,+ 9A, O<O<1, roe Xp = Nh — y3n0Bad ToUKa 
asHocTuoli cetKu Sy (A=,1/N). Ouesuguo, aro 9 = 8(A), n=n(A). 
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| 
| 
| 
| 


BplgucJIMM MOrpelHOcTh CXeMBI LY? 3 oKpecTHOCTH TOUKH x=& Ecm 
PEQm (m> 3), TO NorpeWHocTb alnpokcuMalluu 


0; = Lyu; — (Lu); = O(h?) —~npu in, ix-n+1, 


rye u = u(x) — pemlenue quchepeninambHoro ypaBHenna (1). 
JANA Op MW Opt, NOMyIaeM BbIPaKkeHHA 


0 1—0 F Y ’ 
pees aan ) Pa i ice (aye ee 


Bi, 
E (0,5 +6) u, (<u) +0(h) =o +0(h), 3 
wl Py Ope t=O) pa 4 4.7 ae 
a ae Fie be Page An Anyy iC! ug ") mone 
4 ” hg WY p | 
aa (1,5 — 8)in — (5-1) + O(h) =92,,+0(h), (4 
rye W = Un/ Pn =Un/ Pn, fn = f (6 —O), fn =f (E +0). 


Ec p(x)€Qi, 70 ¢; =O (AY) npu ixen, ixn+1; on= Gn +O (WM) 
Ont, = PPay +O (AY); [O(AY)|< KAY (y > 0); K —nonoxurerbuad nocTosn 
Had, 3aBHCAad oT BbIOOpa (byHKuMU p (x). | 

m. 4. PaccmorpumM oTpe3ok [X,*], WeHKOM sle%kaulHi BHyTpH orpesKa [0,1 
M comep2KamlMi cpukcHpoBaHHy!lo TOUKY x=§, xX <<E< xX. Touka x =€ mpy 
HajWle2xKUT HeKOTOPpOMy HHTepBaJly ceTKM Sy, TaK YTO Xp QE< Xn44. Paccmoy 
PM pa3HOCTHOe ypaBHeHHe 


4 EN pe pc Bie apa - de 
L 


Z 


HW Mpesnosi0x*uM, YTO KOS*PPHUWeHTHI A}, BP u mpapad wactb >; yAOBMeTBOpAIc} 
YCJIOBHAM: 
I. Cymecrsyiot taxve m>0u M>0, u1r0 m< Al <M, m<Bi<M 
II. Cymecrsyet Taxoe b>0, uTo x; pe npn x >E+h (i >n+) 
%j eth pu xb —h (i<in); w= Bran. 
II. |d;| <p (2), rye p(h) 0 npn A=1/N->0, ecaw in u isnt] 
Ilyctb z; — pellienne ypaBHenua (*), a z(x,A)— nonuronambHaa dyHKuUMs 
Jiemma 1. Ecau Oas ypaenenuan (*) @olnoanenot ycaoeus I, Il, Ill wu cy 
wyecmeyem HeKomopan nocaedosameAbHocmb pewlenuli z(x,hy) ypasHenun (*¥ 
paeromepHo cxodsujasca K HyAIO npu hy->+0 (N->oo), mo BdINOAHAEMC| 
ycaoeue | 


Ye Ona 


i } 
Ay +4 Br 


Jomo npu h =hy—0. G 


Jlemma 2. Ecau 6oinoanenot ycaosua aemmot 1 u, Kpome moco: 1) GH 
= O(h*) uau |hi|<Cyh? npu isn, iAn+1; 2) |z(%,hy)|< Ch? na avd 
Komopot nocaedosamearbnocmu cemok Sy, MoO 6biNOAHKIOMCA YCaoeuA 


A(E, A) =O(A*), da =O(1), dns = O(1). (6 


m. 0. OOosHauaa u(x) pemenue gucpepennnamnoro ypapyenua Ly : 
=—f(x), a y;—pemienne ypaBHenna 16g Pee cine an [F(s)], f(s) 
=f (x; + sh), rae F—nopMasbnprii cumMerpu4neiii dyaKunonan, yAoBserTBd 
PAOUMM YCOBHIO HopMupoBKH F [1] = 1, nomyaum quia pasnocru z; = y; —u ( 
ypaBHenue 


LPe=—b, b= o+ FE—f (x). 
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(p) ? 
Ilyctb Li’ —nopMastbHax cxema 2-ro nopsaqKa allmpOKcHMallHH; p€ Qj» 


Q*. Ecan 6 = Xn +h (0< 6< 1)—vouxa pasppipa p(x) u f(x), To Wises 
O(h*) npu i-én, ix-n+1 (ycnosne Ill). Herpyguo yOequTbca B TOM, 
> yenopus II uw III u3 nm. 4 Takxe Bpmosnennt. Mogcrapnaa B (popmyaty (5) 
paxeHna (3) u (4) ANA Op M On44 HW YUNTHIBAA, UTO Pe, = 0),( 1), 
#1— Tf (Xn41) =O(1), momyuum neo6xopumoe ycnoBue cxo_uMocTH OHOpOT- 
i pasHocTHolt cxempr Li”) B xKmacce KYCOUHO-HENPepbIBHBIX MW KYCOUHO-ria]- 
x KOS*PUuUNeEHTOB p(x). Dro ycnoBue uMeeT BULL: 


h ph h ah 
BrP nit AnAn 


Pa rat ae (h)-—>O npu h-0. (0) 


AnasormuHo, noyctapiaa B (6) BErpaxenus (3) u (4) qua On Hdnaqya, Momy- 
“, B CWJly JIeMMbI 2, HeOOxoquMble ycJloBHA 2-ro WHTerpaJibHOrO mopsayKa 
tHocTn cxempt Li?) B Qn (p): 


=O(h), @2=O(1), enti =O(1). 


mn Ge livers Ly — HOpMaJIbHast, CXOAsuaicA B Cm (p) cxema. IIpeqcrapum 
¥) B Bue CyMMBI p(x) = p(x) -+ p(x), rae p(x) = pa = p(E—O) mpu x <§; 
‘) ory b (ae O) npu x > §, a PyHKIWA p(x) HempepbiBHa, mpuyem p(&)=0, 
= Px, Px = Pu Uostomy A [p (Xn + sh)]}=O(h), Blip (Xn + sh)|=O(h), ui, 
‘OBATE BHO, An=An+O(h), Boa=Bn+O(h), rae An=Al[p(Xn-+ SA]; 
= B[p (Xn + sh)). 

‘Doupsysch dyHKunelt je (x) = 1 npn x <&; ye (x) =0 npn X=, MOKHO 
(icaTb p(x) = Ne (x) Pa + (1 — 4 (*)) Pu Torga Oygem umetb Ap = « (6) pat 
(—«(6)] pa, Bn =B8 (8) pa + [1—B (9)] pn, roe « (6) = Alm (x)], B(6) = 
B [yo (x)] — xapakTepuctuyeckHe (yHKUMH perysApHbIX JIMHeHHEIX CbyHKUHO- 
op Au B (?). , 
Axasioru4Ho HaxoquM Any, = «%(—1+ 0) pr+[1—a(—1+4 9)] po, Bays = 


}Heo6xozumoe ycvioBHe cxoqumMocTu (6) MOXxHO 3anNcaTb B BHC 


Beat emai : 
ont _ Sant — 9 (h). (8 
Tl JI 


‘Hae  s3aznaueit ABJIACTCA  l1pe]eJIbHbIM mepexoy, mph N—-co 


=1/N-—0) B ycaoBuu (8). IIpu sTOM HeOOXORHMO CHau¥asla pacCMOTpeTb 
iIMOKHbIe npesesbl (yHKuuuy § = 6(1/N)= Né—n, Korga N — oo, mpoberaa 
yiO-IMOO MOCueXOBaTeJIbHOCTh Bospactaiomux uucet Ny, Nog,...,Nez,..-- 
(B janbuetiuem Mbl OyyeM onupaTbca Ha cyulenyroulyio Teopemy II. JI. Ue- 
uepa (*): 

\Ecau a— koauuecméo Hecousmepumoe, mo natidemca OecKoHeLHoe mHodce- 
O MAKUX YeAbIX YUCEA X,Y, NPU KOMOPpeLx eolpaseHue y—ax Oydem pas- 
16C C KaKUM-AUOO OaHHbim KoAauuecmeom b menee, vem Ha 2/x. OOKU us 
Ix eenuuun x, y Oydym Oaeame y—ax>b, Opyeue y—ax <0. 

‘Ws reopempr Ue6nnuesa culefyer, 3TO IA uppallioHanbuoro ¢u JOGoro 
10<6),<1: 1) cymecrByer 6eckoHeyHaA MOCJeAOBAaTeJIbHOCTb TaKHX C€TOK 
| ¢ warom hp = 1/N,z, uto lim 6=4)+0, T. e. 0+ 6) cmpaBa; 2) cy- 
Np>0 


)TByeT OecKOHeUHAaA MOCJIEJOBaTeJIbBHOCTh TAKAX Sy, C waroM hy = 1/ Nz, 4To 


§) cepa npu Nz —> oo. 


OrmeruM, uTO: a) ecuIH % — pallMoHambHoe 4nCcJIO, TO HaleTCA Takoe 
uTo papencTBo 9(1/N) = % HMeeT MecTO Id OeCKOHeYHOrO MHOKeCTBa pa 
HOCTHBIX CeTOK Sy,; 6) ecJIM 0) — HppallWoHaJIbHoe 4HCJIO, TO, KaKOBO Obl } 
6bivio £, paBeHcTBO 4) = 6(1/N) = Né—n Bo3MOxKHO He Oosee, YeEM AIA OHO! 
sHauenun N, T. e. He Goulee, YEM JIA OMHOM PaSHOCTHOH CeTKH. 

n. 7. Tlorpe6yem Tenepb, YTOObI Halla HOPMaJIbHad CxeMa Li?) ynosanets 


paula HeOOXOJHMOMy yCJIOBHIO (8) B Qm(p). Bei6upaa mpousBojbHoe 0 < O%< 
H COBepilad MpefesbHbIt Mepexod mo MocseqoBaTembHOcTH CeTOK Sy, (uM S¥ 
mp Np—>oo, a TakxKe YUHTbIBat CHMMeTPHIO CXeMbI, YCJIOBHA HOPMHPOBr 
a(1) =A[l]=1, B(1) =B[1] =1 u nonoxurembuocth bynkunoHaoB A HI 
nonyunm: 1) B(&)=0O npn —1<&§<0; «()=1 mpu O<E<1; 2) B(6)- 
=a(—1-+ 6) B TouKax HempepbisHocTH «% Hu B | 

Orcioga culelyeT, 4TO yculoBMIO CcXxOgqMMocTH (6) YROBMeTBOpseT TOJIb 
KBa3HkoHcepBaTuBHad cxema B[p(s)] = A[p(1+s)] +I [p(s)], rae T [p (s)} 


8 > ¥ (6) [pn (;) — pu (G)] — Hy mb-tpyHkuHoHat. B cuny 3nauenus 6) n. 6 cy) 
j=1 
MHpOBaHHe IpOBOLHTCA TOJIbKO MO HPpaWMOHaJIbHbIM OCOObBIM TOUKaM (PyHKIIHi 
Hama I’. 
‘JlemMma 3. Ha sm6oti nocaedosamensnocmu pastocmnolx cemok Sy, 


I [p (x: + shy,)] =p (Aw,) ~ 0 npu Np— oo. 


Orcioya culeqyeT, YTO HalieHHOH HaMH CXeMe SKBHBaJIeHTHa KOHCepBaTHBH 
cxema, Jia KoTopot f (&) =«(—1 +6) mpm Bcex O<é<l. Vuurtoipaa yey 
Bue CHMMeTpuH, Halifem a (2) = 0,5 +o(:+ 0,5), rae w(t) — mpou3BobHt 
HeyeTHad (yHKUMA OFpaHH¥eHHOH BapHalluu: w,(—?t)= —o,(t), yOoBerH 
paIOUlad YCJIOBHIO HOPMHpoBKH (0,5) = 0,95. . 

m. 8. PaccmaTpHBast CXOMMMOCTb JIA OAHOPOAHOrO ypaBHeHHA H MOJIb3ysi 
CJIeRYIOMMM OMpeeseHHeM CXOAMMOCTH: pasHOcTHad cxema Li) cxonw 
K jucbpeperiMasbHOMy onepatopy L}”) B saqanHom Kslacce KoapputMeHToB (p (. 
ecM J mo6oro pewenua u(x) ypasnesun Lu =O c Koadpaumentamu 


3ajlaHHoro Klacca HaliqeTcA Takoe pellleHue pasHocTHoro ypaBHeHua L\”y,; =} 
YTO Ha JOGO MOceLOBaTeJIbHOCTH CeTOK Sy, NOJMPOHaJIbHad CyHKWMA y (Xx, 


paBHOMepHoO cxOAMTCA K u(x) npH h=1/Neg—-0, 7T. e. |y(x, A) —u(x)| 
<i (h)-—>0, Mox%xKHO (OpMyJIMpOBaTb TeOpeMBI: 
Teopema 1. Ecau nxopmaacnan pasnocmuan cxema L‘?) cxodume ui 
Qi (p), mo ona KeasuKONCepeamueHa. 
Teopema 2. J[na ecakott cxodnwetica @ Qi (p) K6A3UKONCepeamuUes 


Hopmanonoti cxemot Li? cyuecmeyem aKeueanenmnaa ell 6 CmbICAe CXOOUMOC: 
KONCepeamuBeHan CxemMa. | 
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MATEMATHKA 
i B. A. AKYBOBHY 


{ OCU MJIJIALMOHHBIE CBOMCTBA PEWEHHM JIMHEMHbIX 
’ KAHOHHYECKMX CHCTEM AMW®PEPEHUMAJIbBHbIX YPABHEHMM 


(ITpedcmaeaeno axademuxom B. H. Cmupnoesim 22 1X 1958 ) 


| Paccmotpum cucremy 


| dxfdt= JH (t) x, (1) 
‘e x—2k-mepupii Bextop; H (t) = e s Che Mee gta eee ( 0°) 
ey ie 


4— eQMHM4HaA MaTpHila NlopsyKa k; H (t) = H (t)*—semecrBennan 2k x 2k 
[IMMeTpHyeckad MaTpHua-pyHKuun, O<t << oo. 
| Bce xoadduivental udpepenumambHbix ypaBnennii Oyyem npeqnouarats, 
+ oroBapHBas sToro OcoOOO, BeLeCTBeHHbIMH (:byHKIMAMU, HHTerpupyeMbIMU M0 
eOery Ha JIOOOM KOHeYHOM MHTepBawie. 
| 1°. O6o3sHayum © rpynny cumnsmeKTHueCKHX MaTPHI, T. €. BeLLeCTBCHHBIX 
2 X 2k-matpuu X, yoBseTBopsoMMx cooTHOWeHMIO X*JX = J. Kak ugzect- 
», AA Mmo6oro t MaTpuHiaHT ypaBHenusa (1) X (t)EG. 
. VY. M. Tesnpcbanyom u B. B. Jlugcxum noxasano (1), uro rpynna & romeo: 
pHa TonoornyecKoMy MpoNsBeNeHMIO CBA3HOTO HM OJHOCBA3HOrO TONOJIOrH- 
“ckOro MpocTpaHcTBa Ha OKpyxXHOcTb &. Yron %, onpesenstouyui mosoxwKeHne 
yuku Ha S, Ha3brBaeTca (1) apryMeHTOM COOTBeTCTBYIOUNeH MaTpHUbl X, 
= Arg, X *. Arg, X — MuorosHaunas cbynkuna Ha G, karkan H3 BeTBeli KOTOpOH 
(MNpepbiBHa; MOSTOMY MpHpalileHve apryMeHTAa BOJb HeMpepbIBHON KpHBol X (f), 
sTopoe Oyyem OGo3HauaTh AArg, X (t), onpegeuserca OfHOsHauHO. Ecuim kpné 
A 3amKHyTa, TO AArg, X (t) = 2nx. Llenoe wncno fn HasbiBaeTcA HH AC KCOM 
‘MKHYTOM KpHBOH X (f). 
) Onpengenenune 1. Bynem Hasbipatb apryMe€HTOM CHMIJeKTH- 
2cKOH MaTpuub X mobyio onpesenennyio Ha ® cuerHosHauHy!0 Bellle- 
‘BeHHY!0 (PyHKUMIO Taky1o, 4To: 1) ecu (Arg X)yo — OHO u3 sHayennii Arg X, 
pe ocTambupimu saBastotca (Arg X)n = (Arg X)o + 2nr, n=tl, +2,...; 
Kaxkyoe u3 sHayenui (Arg X), SBJAeTCA HeNpepbIBHOlh dbyHKuMeli X; 
“cyulecTByeT HenpepbiBHad 3aMKHyTai KpHBaa Uo(t)€@ unyexca | raxas, 
‘0 A Arg Uy (t) = 2x **. Cneqyromlad TeopeMa MoKkasbIBaeT, YTO BCe NOAOOHIE 
PryMeHTL B ONpeesIeHHOM CMbICJI€e PaBHOMMPaBHbl. 
Teopema 1. Ecau X(t)—s3amknymaa Kpuean uxdeKca n, mo 


' * TIpupenem nogpo6uee 9To onpefestenne. Ilycth X = SU, rye S — mouiox%kuTesbHO-onpes 
jenHaa u U —optoronabHaa matpuusl. U3 X € © caenyer (1), uro SEG, U EG. Ma- 
uy U2 


uua U umeet sug U = ) , Tae W = uy + iu,— yHuTapHad Matpuua, det w = Cen 


) oNpefzenenuio p = Arg, X. 
** CpolicTBo 2) NMOHHMaeTCA B CJIeAYIOWeM CMBICJe: AA mo6oH maTpuupt X, €G u sto 
ro (uKCHpoBaHHorO 3HayeHHA Arg Xo, KOTOPOe MBI o6o3sHaumm (Arg X),, 10 smO0my e >0 


WKHO yKazaTb 8 >0 takoe, uTo mpu || X—Xo||< 8 Hafimetca 3HauenHe Arg X, KOTOpOe 
1 o6o3Hauum (Arg X),, Takoe, uTo | (Arg Xo), — (Arg X), |<Ce. Ilpu stom fax s060i He- 


epbipHoi KpuBol X(t) sHaueHHA (Arg X (t)),, 2= 0, +1, +2,..., OOpasyroT cueTHOoe 
ClO HenpepbiBHbIx dyHKunh. Ilosromy mpupalllenue A Arg X (¢) = (Arg X (1)), — (ArgX (0)),, 
peylemneTca OfHO3HauHO, YeM H ONpaBsblBaeTCA opMy.IMpoBKa cpolicTBa 3), 
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A Arg X (t) = 2nx. Sanknymyto Kpueyio X (t) moocHo cmsanymb 6 epynne | 
g mouky moeda u moarcKko mozda, ecau A Arg X (t) = 0. 
Iycth X= & VEG. IIpupegem HeKOTOpbIe U3 BO3MO2KHBIX Olpesed} 
it 2 s 
Huii aprymenta marpuust X: Arg,X =Argdet(U,+iU;), Arg,X | 
= Arg det (VitiV2), Args X = Arg det (U; —iV1), Atgy X = Arg det (U.—iV, 
k 


Arg;X= >) Arg ot) rae of —co6crseHuble 3HaueHua MepBoro poja MaTp! 
j=1 
ubt X *. Onpeyenenne Arg; X Opiso ucnob30BaHO B paOoTe (*). HoKasare 
cTBO Teopembl 1 moBTOpseT AOKa3aTebcTBO TeopembI 1.3 B pa6ore (°). 
Aprymentnr Arg’ X u Arg” X OyyeM HasbiBaTh 9KBUBANCHTHBIM I 
ecu CyulecTByeT MocTOAHHaA c>>O Taka, YTO LIA JNOOOM HelpepbIBHON Kp} 
poli X (t)€@ semomeso |A Arg’ X (t) — A Arg” X (ft) | <e. 
Jl JjabHelilero BaxKHYIO pOJlb urpaeT CJlexyroulad Teopema: 
Teopema 2. Bce apeymenmo Arg;X, j=0,..., 5, akeueaneHmHel. 
MoxkHo MpHBecTH MIpHMepbl HeSKBUBAJICHTHBIX OMpezesieHH apryMeuta. H 
*%Ke Mbl OyjeM nonuMaTb nox Arg X ofHo u3 Arg; X usu Kakoe-sMO0 onpes 
JieHHe apryMeHTa, SKBMBaJIeHTHOe MepeuHCJIeHHbIM. 
2°. Ilyctb X (¢t) — MaTpuuaHT ypaBHenna (1). 
Onpenenenue 2. Ypapuenne (1) HasblIBaeTcA KOMeCOaATeJbHET 
ecmm Arg X (t)—HeorpaHMueHHasd, H HeKONeOaTeUbHBEM, €c! 
Arg X (tf) — orpanuuenHaa dbyHkuHA npn t—-+ oo. 
ByyleM Ha3bipaTb ypaBHeHue (1) ypaBHeHHeM 10 IO KUTeEUbHOTO THT 
ecuIM cyllecTByeT olpemesenHe aprymMenta Arg X = Arg, X, 9SKBHBAaJICHTHY 
Arg;X, j=0,..., 5, Taxoe, uro Arg, X (t) aBaaeTCH MOHOTOHHO BO3pac7| 
touleH ~dbyHkumelt ¢. TakuM oOpa30M, B CJlyyae KOJIeOaTeJIbHOCTH ypaBH 
Hua (1) nogoxuTeNbHOTO Tua MaTpuiaHT X(t) mpw t—oco 6eckoHey 


t ==100) 
/—0 7 KoHewHad BeJIMUHHA. 
Ilyctb U (t), V(t) — aOcouoTHO HeMpepbIBHble MaTPHUbI-PyHKUMH, yOBJe 


sakpyuuBanum A Arg, X (t) | 


i=1 
—R(t)] =0. Ucnomsya sry cbopmyny umm HecKOMbKO JONOHAA OKA 
TeJIbCTBO TeopembI 2 u 3 (*), NowyuHM: i 
Teopema 3. ITycmo 6 ypaenenuu (1) y(t) > 0, Spy (t) > 0. Toeda ypé 
Henue (1) A6ademca ypasnenuem noaostumedroxoeo muna u Arg, X = Arg, | 
Teopema octaetTcs cnpaBeyJIMBOH, ECM BMeCTO MaTpHI[bl y B3ATb MaTphil 
a (torga Arg, X = Arg, X). 
CucteMy BeKTOPOB X1,..., Xz OyMeM Ha3bIBaTh HSOTPOMHOH cucrTemd 
ecu (Jx;, Xn.) =0, jf, h=1,..., k. Tax Kak ya moOnrx peulenui x4 | 
X_(f) ypapyenua (1) (Jx,(¢), x2(¢))= const, ro gaa Toro, uToOs nomyut 
M30TPOMHYyIO CHCTeMy pelIeCHHH, JOCTATOUHO B3ATb B KaYeCTBE HauaJIbHbIX 31 
YeHHH JOOy!O HsOTPoTHy!o cucTemy BekTopoB. Byyzem o6osHayats || x4,..., Xe ||| 


U 
= Ge MaTPHILy CO CTOMOMAMM x4, ..., Xe (U u V — kBayparupie k Xx k-matTpuily 


Ckasnpyylo dbyHkunto ¢(t)3=0 6ygem HasBaTb KOMeOaTeAbHON, ed 
OHa WMeeT OeCKOHeYHO MHOro HyJieli tp—>-+ oo, H HeEKOMeOaTeAbH| 
B NPOTHBHOM cylygae. | 


F118) AONONHeHHe K ompeqenenuio M.T. Kpeiina (?) poga coOcTBeHHbIx 3HauyeHHii, Je} 
UMMX Ha CAMHHYHOH OKPy2KHOCTH, Mbl CYHTAeM 3/\eCb COOCTBeHHbIe 3HayeHHA, JIexKalHe B 
PH CAWHHYHOH OKPYXKHOCTH, COOCTBeCHHBIMH 3HAYeHHAMH MepBoro pofa HM BHe ee —BTOP 
pola. 
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_ Teopema 4. Ilycme @ ypasnenuu (1) x(t) >0* u X1,+.+, X~g —npo- 
3B0AbHAA UZOMPoONHaA CUCMeMA AUHELHO HeESABLICUMbLX BeLIECMBEHHOLX peule- 


ee U 

ult, Per | ae. hee || a makaa, umo det U (t)560. Toeda ypaenexue (1) 
oneOamenbHO UAU HeKOAeOAaMeAbHO OOHOBPeEMeHHO C dynkyuet det U (t). 

_ 3°. PaccmotpuM BekTopHoe ypaBHeHne 


| alRO#Z|+P@y=0, (2) 


je y —k-mepupiit Bextop; R(t) = R(t)" >0; P(t) = P(t); R(t)t uw P(t) — 
irerpupyempie mio JleOery Ha JOOOM KOHe4HOM UHTepBase BellecTBeHHbIe 
x k-marpuipi-pyuKuuu. Tlonaraa x, = y, %,=R a Ties ie 
2 

) K paBHOCHJIbHOMy ypaBHeHuio (1) c matTpuueli H (t) = bs ee KOTOpoe 
JACM Ha3bIBaTh COOTBETCTBYIOMHM ypaBHeHutW (2). Ilo Teopeme 3 
‘O ypaBHeHve OyeT ypaBHeHveM MOJIOXKMTebHOrO TuIMA. 
| Onpegenenne 3 (Ulrepx6epr, Bamcc, Peiig (°,°)). Ypasnenue (2) na- 
IBaeTCA KONeOaTeJbHBIM, eCIM AMA MoOoro ty >0 ualigytca aucaa 
>t, >to H pellenue y(t)5=0 ypaBuenua (2) Takoe, uTo y(t) = y (te) = 0, 
HEKOMeOaTeJbHbIM B MPOTHBHOM cslyyae. 

IlrepHOeprom ycTaHopstena (°) (Ha ocHoBaHMH pe3ybTaroB Buucca u Peii- 
1 (°)) Wa ypaBHenus (2) Teopema, 6.1M3Kaa no Popmy.IMpoBKe K Teopeme 4, 
{€, OHAKO, KOJIeOaTeJIbHOCTbh NOHMMaeTCA B CMBICJe onpemeenua 3. Mcnoup- 
"a OTY Teopemy, MosmyuuM: 
_ Teopema 5. Ypaenenue (2) Kone6amenbHo (HeKonrebamenbHo) 6 CmbICAe 
ypedenenus 3 mozda uU mMoAbKO mozda, ecau KOAeOaMeAbHO (HeKOAeOamMedd- 
)) 6 cmbicae onpedenenun 2 coomeemcmeyrwwee emy ypaeHenue (1) **. 
| 4°. CkaiapHoe ypaBHeHue 


k 


) , Mb cBeyeM 


Di (= 1) fg; @) nf PIE = 0, g(t) > 0 (3) 
j=0 
eJleHHeM BeKTOpa Xx Cc dvleMeHTamu & = y/—-), j=1,..., k, Ere = orb — 
Beit eee 1 RA eh con == otk CBOMHTCA K ypaBHeHuto (1), KOTOpoe MBI 
ICM Ha3bIBaTb COOTBETCTBYIOULUM YypaBHenMto (3). B stom ypaBHeHHu 
—j\MaronasibHad MaTpulla C HaroHaJIbHbIMH JJIEMeHTAaMH — %j,..., — 9p; 
—jMarovasbHad MaTpilla Cc JMaroHasbHbIMH 9JieMeHTamH 0,..., 0, ¢o ai 


— KOPaHoB ALHK, OTBeYaIONMH HyJIeBOMy coOcTBeHHOMYy 3Ha¥ueHuIO. Ilo 
Opeme 3 93TO ypaBHeHHe OyjeT MOO*KUTebHOrO THIa. 
-Onpegenenune 4. (UW. M. Taasman (8), JI. H. Hukosenxo (°)). 
paBHeHve (3) HasbiBaeTCA KOTeOaTeAbHBIM, eCIM AIA moOoro ty > 0 
fiyjetca pewienne 7(t)s=0, umetonjee mo Kpalineli Mepe Ba A&-KpaTHBIX HyJIA 
>t, >to), w HekKomeOaTeJbHbIM B NPOTHBHOM CJlyuae. 
~Teopema 6. Ypaenenue (3) KorebamenbHo (HeKonebamenbHo) 6 CmbICAe 
pedenenusn 4 moeda u moabKo moeda, ecau KoAcbamenoHo (HeKOAebameNbHO) 
cmblcne onpedenenun 2 coomeemcmeyroiyee emy Ypa6HeHue (1). 

Ucnow3ya Olek Jia pasJIMUHbIX OMpeeJeHH apryMeHTa, MOXxKHO Mosy- 
Th pa3JIMYHbIe JOCTATOUHbIe YCJIOBUA KOJeOaTeJbHOCTH H HeKOJIe€OaTeJIbHO- 
M ypasHenuit (1), (2), (3); MbI 3Qecb Ha STOM He OCTaHABJIMBAeMCsA. 


5°. PaccmoTpuM ypaBHeHne 
dxjdt = J (Ho (t) +H (f)] x (4) 


* 3necb u B JambHeliuem ycnopue y>>O (y>0) Aa CHMMeTpHYeCKOH MAaTPHUb Y 
jauaeT, To (yc, c) =O ((yc, c) >0 npu c=0). 

** Tlocyie yCTaHOBJICHHA KBUBAJICHTHOCTH onpete 
\IbKO YCHJIMBaeT COOTBeETCTBYyIOUlee YTBepxcCHHe 


(”). 


menu 2 u 3 BHHO, YTO TeopeMa 4 He- 
IlIrepH6epra (lemma 3.1 (°) um emma 
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C CAMOCOMPAXKeHHbIMH KpaeBbIMH YCJIOBMAMU, HallpHMep, Bua 
x(t) = Sx(0), 
rye SE@. Mbt 6yyem mpennonaratb, uro mouTH Bciogy B (0, 7) H,(t); H 
uuro “3 ycnoBuit dz/dt = H,(t)z, Hi(t)z=0 cnenyer z=0. Ipu aT} 
MIpe{oOKeHHAX COOCTBEHHDIC 3HaYeHHA hy MOYT ObITb JIMUb BelleCTBCHHBIM 
Pa3/IMYHbIM COGCTBCHHLIM 3HAaYeCHHAM OTBeYAIOT OPTOFOHAJIbHble COOCTBeHHE 
Tv 


pexroppi: | (H1%;, x,) dt = 0 npw J=Eh. 
0 
Kaaccuyeckul cayuat, korga H,(t)>>0O Mourn secioqy, xopoulo u3y4 


IIpencrapaseT TpyYJHOCTH JIMWb ciTydal BbIPOKTeHHA, Kora det 7, (t) =0 
MHOXKECTBE NOJIOKUTebHOH Mepbl. B STOM CJIyYae MOMKET CYLLeCTBOBATb KOHE 
Hoe 4HCJIO COOCTBEHHbIX 3HaYeHHH HJIM HX MOXKeT He CYULECTBOBaTb BOB 
B pa6otax M. [. Kpetna (?,2°), Hapaay c MpyrHMH pe3yJibTaTaMH, YkKa3al 
HeoOxoyquMoe HM JlocTaTouHOe ycwioBHe Toro, ¥TOObI KpaeBanH sayjayua (4) —( 
(nph H)=0) umesa mo xpalineli Mepe OHO COOCTBeHHOe 3HaveHHe, a Tak? 
qOcTaTOuHoe ycsOBHe Toro, 4TOObI HX ObIvIO OeckoHeyHO MHoro. IIpu vay 4eH} 
MOJOGHbIX BOMPOCOB MOKeT ObITb MOMe3HOH CyIeLyroluad Teopema: | 
Teopema 7. O6o3Hauum X(t, 4) mampuyanm ypaenenusn (A). } 
mozo umo6el Kpaegan 3adaua (4) —(5) umena OeckoHerHo mHOe2o coOcmeéeeHHYy 
BHQYEHULL hy —> CO (An —> — 00), HEDOXOOUMO U OocmMamouHO, “MoOOoL CYyLUMeCmMé 
gaa lim Arg X(t, 4)= oo (lim Arg X(t, 4) = — ov). 
eee) A+ — © 


OrmeTHM, 4TO TIpH CesIaHHbIX MpesnonowKenuax Arg, X(t, d) ABUAe 
HeyObipaiouleH (yHKUMeH A; MOSTOMY CYyLeCTBYIOT OeCKOHeYHbIe HJIM KOHEUH| 
mpeyenbt lim Args X (t, 2). | 

A — -00 


OueBuyeH reoMeTpHueckHi cCMbICJI Teopembl 7: ecu lim Arg X (t, A) = 
A> oO 


TO «TOUKa» X(t, 4), OeckOHedHO «3akKpy4MBascb» B «Tope» &, OecuNcuJieHt 
MHOXECTBO pa3 MonayaeT Ha «noBepxHocTb» det (X — S)=0; coorBetcrBy} 
we 3Ha4ueHHA A U OyYyT COOCTBEHHbIMH 3HaYeHHAMH. 
Tlyeth hy (t)<...< hyp (t) — coOcTBeHHbIe 3HayeHHA MaTpHubr Hy} 
Tv 


k 

MoxKHO MOJIYaHTb CJleqyouluH MpH3Hak: ecau \ BS h;(t)dt>0, mo _ xpaeey 
j= 

sadaua (4) —(5) umeem Oecuucaennoe mnoowecméo coOcméeHnelx 3HaueHUt 
n=0, +1, +2,..., 4» 00, XL, — 00 npu ns 00. 
M3 Teopempbr 7 cuJleqyeT TakxKe, 4TO KpaeBad 3ayaua JIA ypaBHeH 
dy /dt? + [P(t)+ .QWly=0, P(N=P(), Q(t) =Qit) mourn Bcio)| 
HMeeT GOeCuHCJICHHOe MHOMKECTBO COGCTBEHHBIX 3HAYCHHI A,—> OO, ECM Ha Mil 
2KECTBE MOJIOKHTEbHOH Mepbl Sp Q (t) > 0. | 
AnaJOrMyHbiM O6pasoM HarvisQHbii reoMeTpHueckuit cMbIC npHobperal: 
pesysbraTbl HM. M. Ta3mana (8) 0 cBA3H OCLHJVJIAWMOHHBIX CBOLCTB ypapie 
HH Bua (4) M CBOHCTB CNeKTPa COOTBeETCTBYIOULUX WudppepeHilva JIbHBIX ol 
paTopoB Ha OecKOHeYHOM HHTepBasle, t= oo. | 


Hayuno-ncceqopaTebckHit HHCTHTYT Ilocrynuso | 
MaTeMaTHKH H MeXaHHKu 15 IX 1958 | 


JlenuurpaycKoro rocyyapcTseHHoro yHuBepcuTeta 
uM. A. A. )Knanopa 


UMTHPOBAHHAA JIMTEPATYPA 


, ed OT By Ty eabgang, B. B. JIuneKut, Yen. matem. nayx, 10, B. 1 (63) (198 
M. [. Kpetiu, Coopx. Tlamata Anexcangpa Anexcangzposuua Angpouosa, Vl 
AH CEGR 1955; etp. 414. 3B. A. AkKy6oBu4, Mate. cOopu., 44, B. 3, 313 (198 
Ben bemell uAcKuH, JIAH, 102, Ne 5 (1955), & R.L. Sternberg, Duke Math. 
19, 311 (1952) *T. A. Bauucce,. Jlexuun no BapHalWOHHOMy ucuncsieHuio, VJ, 19 
7 J. H. Barett, Portugaliae Math., 14, Ne 3—4 (1955). ® WU. M. Pnasma H, JA 
118, Ne3 (1958); 119, Ne 3 (1958). ° JI. Tl. Hukoaeuxo, JAH, 114, 3 (198 
M. Tr. Kpeau, Tpaka. matem. u mex., 19, B. 6 (1955). 
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MEXAHHKA 
A. M. KJIAMOB 


O ABYDKEHHH PHPOCKONA B KAPJAHOBOM"IIOJIBECE 
C HEAKCHAJIbBHO HACA)KEHHbIM POTOPOM 


(ITpedcmasaeno ‘akademuxom JI. H. Cedogoim 8 X 1958) 


_ Hyratuonnbie KoneOaHua rupocKona B kKapfaHOBOM moyBece conpoBoxsa- 
JOTCH yXOJOM ero MO BHeLHel OCH, eCJIH BHelWHee H BHYTPeHHee KOJlblla He 
(MepneHNKyJAPHbI Mey coOoH B MOMeHT HaY¥asa KomeOaHnh (3,2). Kak n3- 
|BECTHO, BBUAy HaJIMYHA TpeHHA B OCAX MOABeCa HYTALMOHHbIe KONeOaHHsA ObI- 
|CTpO 3aTyXal0T HM TepecTaloT CYKUTb NPHYHHOH yKa3aHHOTO yxOJla rupocKo- 
ma. B HacToaulelH paOore noKa3aHO, 4TO OlWMOKa B HaCayKe poTOpa BBISbIBaeT 
HesaTyXaloulve KONeOaHHA, BCJIECTBHE KOTOPBHIX B CJlyuae HenepneHauKyJAp- 
‘HOCTH PaMOK KapJaHOBa MOfBeCa BO3HHKaeT CHCTeEMaTHUeCKHH yxO TupocKo- 
lla MO BHeLIHeH OCH. 

l1.¥YcnNoBucA 3afaun WH CHCTeEMBE KOOPAUHAT. Paccmo- 
TPpHM J{BMxKeHHe THPOCKONa B KapJaHOBOM NosBece Ha HeEMOJBUXHOM OCHOBA- 
| HMM, WeHTp TA2KeCTH KOTOpOrO COBMayaeT C WeHT- 
}pOM KapjaHoBa nofBeca. CHuJbl TpeHHA B OCAX 
moypeca oTcytcrByior. IlycTb, Jaee, OCb CHMMET- 
| pu poTopa H OCb ero BpallleHHA OCOpasyloT Mex Ly 
co6oH yron ¢ (puc. 1). Cuutaem, 4To coOcTBeHHaa 
-yrlOBaad CKOPOCTb BpallleHHA poTOpa eCTb BeJIH- 
YHHa MOCTOAHHAA (2TO yCJIOBHe JOBOJIbHO TOUHO 
| BBINOJIHACTCA, CCIM THPOCKONM HMeeT MOTOP). 
| CpBaxKeM C HEMOBMXKHbIM IIpOCTPpaHCTBOM CHCTe- 
“MY KoopguuaT yf, c BHeLUHHM KOJIbILOM CHCTeMy 
X4YizZ1,. C BHYTPCHHHM KOJIbILOM CHCTeMY %2Y2Z2; MPH 9STOM: OCb BpallleHua 
| BHeWIHeroO KOJIbIla X, COBMaaeT c OCcbIO — Yi ABMAeTCA OCbIO BpallleHuA BHYT- 
‘peHHero KOJIbla, Z,.—OcbiO Bpalenua poTopa. Hayana KoopqMHaT yKa3aH- 
HbIX H BBOJMMBIX Jlaslee CHCTeM COBNafaioT C WeHTpOoM KapaHoBa noyBeca. 
Yruvibl MOBO porta BHELUHEFO HW BHYTPeHHEro KOJIel, OOO3HaYHMM Yepes « UB (puc. 2). 

HenoJBuxKHO C POTOPOM CBAXKCM CHCTEMbI KOOPAWHAT XYZ U XpYpZp. Ocu 
XU Xp COBMaLaloT, Z HanpaBsJeHa MO OCH 22, Zp— MNO OCH CHMMeTpHH poTopa. 
Yrou co6crBeHHoro BpallleHuA poTopa O603HauHM Yepes ¢ (puc. 3). Benegcr- 
BYe CjesaHHoro Mpesnouoxenua dp/dt = 9’ =w=const, p= ot. 

2. YpaBpueHua ABUKeHUNA FHpOCcKONa. OOosHayNM SKBaTOpHasIb- 
Hbili H MOJIAPHbIi MOMeHTbI MHepuuN poTopa yepes A u C, MOMeHTHI HHEpPLu 
BHYTPCHHEFO KOJIbIla OTHOCHTEJIbHO OCeli X2, Y2, 22 Yepes Az, By, Cy, MOMeHT 
WHepILHH BHEUHErO KOJIbIa OTHOCHTE/IbHO OCH ero BpallleHuA yepes Ay. 

Tlanee, o603Hauad KHHeETHYeCCKYIO 3HEPrHiO BHELIHerO KOJIbIla, BHYTPeHHEero 
KOJIbIa HK poTOpa rupocKona cooTBeTcTBeHHO yepes T;, T, H Tp, HMeeM: 


oT, = Aye", 
QT, = Apx’* cos? B + BB’? + Cpu’? sin B , 
QT, = A(«’ cosB cos ¢ + 8’ sing)? + A [(—@' cos B sin g + 8’ cos ¢) cos se — 
— («’ sinB + w) sine]? + C [(—«’ cosB sin g + B’ cos ¢) sine + 
+ (a’ sin B + @) cos ¢]?, 


Ueto cummempua 
pomopa -é 


ce Gpargenun 
Poimopa 


O34 


OTKyJa, CKJlablIBad, HaxXOMM 


OT = (Ay + Ag cos? B + Cz sin? B) a’? + 5,82 + A (a’ cos B cos » + B’ sin 9) + 
-+- A [(—«’ cosB sin g + 8’ cos ¢) cose — (#’ sin B + w) sine]? +4 
+ C[(—«’ cosBsin 9 + 8’ cos ¢) sine + (#’ sinB + @)coss]’. 


4 ¢ 


Puc. 2 


Y paBHeHua TBMWKeHHA THPOCKONa MMerlOT BHI: 


(A, + Az cos? B -+ C, sin? B) a” — 2 (A, — C2)«’B’ sin B cos B + 
+ A(x” cos 8 cos p —«’B’ sin B cos —«’wcos sing + B" sing + 
+'B’w cos ¢) cos B cos» + A («’ cos 8 cos » + 8’ sing) (— B’ sin B cos p — 
—wcos 8 sing) + A[(—«”’ cos 8 sing + a8’ sinB sing —a’wcosBcos¢ + | 
+'8” cos ¢ — B’w sin ¢) cose — (%” sinB + «’8’ cos 8) sins] (— cos B sin pcos s — 
—sinfsins) + A[(—«’ cosB sing + 8’ cos ¢) cose — (#’ sin B + 
+ ) sins] (8’ sin 8 sin pcos e — wcos 8 cos g cos s — B’ cos B sine) + 
+C[(-—«”’ cos 8 sin + «’8’ sin8 sing — a’wcos 8 cos » + B” cos p — 
— B’w sino) sine + («” sin B + a’B’ cos 8) cose] (— cos B sin p sins -+- 
+ sinB coss) + C [(—«’ cos 8 sing + 8’ cos ¢) sins + 
+ («’ sin B + ) cos s] (8’ sin B sin g sins — wcos 8 cos gsine + 8’ cos 8 cose) = 0, 


B28” + A [(—«” cos 8 sing + #8’ sin 8 sin — a’w cos B cos » + 8B” cos p — 
— B’ sin ¢) cose — («” sin B + a’B’ cos 8) sins] cos pcoss + 
+ A[(—«’ cos 8 sing + 8’ cos ¢) cose — («’ sin 8 + @) sine] (— sin cose) + 
+ A(+«” cosB cos  —a’B’ sin 8 cos p — aw cos 8 sing + B” sing + 
+ P’o cos ¢) sing + A («’ cos 8 cos p + 8’ sin ¢) wcos @ + 
+ C [(— a” cosB sin p + «’B’ sin B sin ¢ — a’wcos B cos » + B” cos p — 
— P’wsin 9) sine + (a” sin B + «’B’ cos 8) cose] cos psine + 
+ C[(—«’' cos B sin p + B’ cos ¢) sine + (a sin8 + «) cose] (— wsing sine) + 
+ (A, — C2) a’? sin B cos B + A (a’ cos 8 cos » + 8’ sin ¢) «’ sin B cos p — 
— A[(—«’cos8 sin ¢ + 8’ cos ¢) cose — («’ sin B + 
-+ w) sine] a’ (sin B sin pcos se — cos B sins) —C [(— a’ cosB sing + 
++ B’ cos ¢) sine + («’ sin B + @) cose] a’ (sinB sing sine + cosBcose) = 0. 


3. IIpuOnuxenHoe pemlenue ypaBHeHult JBUKeHHA rH po- 
cxona. Ilycth B(t)=By+y(4), rae By =8(0). Bymem cuutaTb © uw y Ma 
JIbIMH BeJIMYHHaMH M MpeHeOperaTb B ypaBHeHuax (1) ueHaMM c MX KBalpaTa 
MH HM Oovlee BbICOKUMH CTeneHAMH. HanpoTHB, yrsloBble CKOpocTH He C¥uTAaIOT: 


CH MaJIbIMH BeJIMYHHaMH, MOSTOMy B ypaBHeHuAx (1) CoxpaHsIOTCa WIeHbI C HD 
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(POHSBENCHHAMH HM WICHbI Takoro 2ke NopAqKa MasoctTu. IIpu cyenaHHbix nper- 
lOOX*KeHHAX ypaBHeHua (1) MepenumyTesx ceqyioulM o6pa30M: 


oa" +H cos Boy’ —eJ 1m? cos By cos wt + J, sin 289%”y-++ J sin 289a’y’—H sin Boy’y+ 
Ted; Sin Bo (—2 cos Bx” sin wt —2w cos Box’ cos wt+-y” cos ot +?y cos wt) =0, (2) 


Jy” — H cos Box’ — sJyo" sin wt — Jo sin By COS Boa’? + 
+ H sin Box’y + eJ; sin By (&” cos wt — 2eu’ sin er) i=10; 


BP ese) sin ee (Aaa costa yy, SOLA, aoe 
IE OP ae a ae 


_ na pewwenna cucrembl HesnHelinpix ypapnesuit (2) mpumensetca Mero 
Avepauu. CoxpaHuB nepBoHayaJIbHO TOJIbKO JIMHeliHbIe WIeHEI, MosyuHM 


! 


Jou” + H cos Boy’ = ed * cos By cos wt, 


Jy” — H cos Boa’ = eJyo" sin of. (3) 
V3 (3) Haxoqum vactTHoe perenne 


& = pcosol, —y = gsin at, 


_ __&J1 cos By (C + Js) __ &d1 (Jy + C cos? Bo) (4) 
Pree Jodg—C? cos? By ” JoJ3— C? cos? By * 


HaliqeHHoe pellenve Mepporo Npu6wMKeHHA NOAcTaBHM B OTOPOLIeHHbIe 
NO STOrO HeJIMHeHHbIe YWJIeHbI HM NOJIyYYHM CHCTeMy JBYX HeOJHOPOJHbIX, HO JIH- 
deHHbIX TuddepeHUMaJIbHbIX ypaBHeHHH. Bropoe mpnOmMKeHHe JaeT, MOMHMO 
MepHOMMGeCKUX YWICHOB, NOCTOAHHYIO COCTABJIAIOMyIO IA &’, KOTOpad onpeyle- 
MseTcA PopMyvion 


pe eet ar-Gs 40) 
fe ee; 2H cos By tg Bo 


ANM, MOCIE HeCJIOXKHbIX MpeodpasoBaHHit: 


2 
’ 2 (Ay +C,+C)J1(C+Js)? |. 
FO CG ds Crea ee (9) 


4. UncnmoBoh upuMmep. BosbMeM Ja MpMepa Yrupockon, y kKoTOporo 
Jo = 10 r-cm-cex?, J,=2r-cm-cex®, J3=5r-cm-cex?, A,+C,+C= 
== 10 r-cm-cek?, C= 5r-cm-cek’, o = 1500 cex—. Ilycth s= 1’, By = 30°. 
[loyctaBuB 4vcIOBbIe 3HayeHuA B (popMywy (5), HalijeM, 4TO yxo rupo- 
ckona 3a 1 yuac no yray « gocTuraeT 5°. 


MockosckKuit rocyfapcTBeHHbIH yHHBepcuTeT Tlocrynuso 
um. M. B, Jlomonocopa 2 X 1958 


I[MTUPOBAHHAA JIMTEPATYPA 
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R. Goodstein J. Appl. Mech., 22, Ne 3, 365 (1955). 
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MEXAHHKA 


10. H. PEMHEB | 
| 


O BJIMAHMH OBJIYUEHHA HA HATIPSDKEHWA 
HW MAJIDIE JE®OPMALLHH B TBEPJIOM TEJIE 


(ITpedcmaenexo axademuxom 10. H. Pabomxoesim 26 1X 1958) 


B paOore paccMaTpuBaeTca CBA3b MEX*KLy HalpsAXKeCHHAMHM M MaJIbIMH Dedop- 
MallHAMH B KPHCTAaJIIMYeCKOM TBEPJOM Tele pH OOBEMHOM paClUMpeHHH, BbI- 
3BaHHOM O6s1yyeHveM. J[aH Nosxxom K ONpeseeHHIO STOFO pacluMpeHHA. 

1. OrpaHuuumcs paccMOTpeHveM KPHCTaJIJIMYeCKUX TBeEPAbIX Tel, B KOTO- 
PbIX 3a CUeT OOJYYCHHA TAXKEMbIMA YACTHUAMH BOSHHKaeT OObEMHOe paciupe- 
Hue (1). OueBuyHO, YTO CCIM B Tee MPOH3BOIbHOH (OPMbI BOSHHKHET OObeM- 
Hoe PaclMpeHHe, PasJIMUHOe B Pa3HbIX TOUKAX STOFO Tea, TO, BOOOLLe FOBOpA, 
BHYTPeHHHe HalpsAXKeCHHA BOSHUKHYT B HEM HM B TOM CJlyyae, eCJIM Ha TeJIO He Oy- 
JyT MeHcTBOBaTb HUKaKue BHELIHHe Harpy3KuH. 

Tak Kak OomOapyupyrollul HeHTpoH, NPpOXOAA yepes KPHCTaIMYeCKyO pe- 
weTKy, He B3anMOJeHcTByeT C AaTOMaMH KYJIOHOBCKHMM CHJIaMH, TO OH Oyjel 
MpOW3BOAUTb B pellleTKe HavOoObluve HapylWieHHA, MosTOMy OyyemM paccmat- 
PUBaTb HeHTpOHHOe OOyueHHe. Takoe oOsy4yeHHe TBeEpAbIX Te CONPOBOX- 
WaeTCA MHOFOUHCJICHHbIMH 3cpcpeKTaMU; yueCcTb BCe 3TH SPeKTbI HEBO3MOXKHO, 
MH Mbl OfpaHH4HMCA YACTHBIMH CJlYYaAMH, BBELA PAX yMpoularowlAx rMnorTes. 

B pes3ystbTaTe OOJIYYeHHA MeXaHHyecKHe CBOHCTBa Tela (Monyb FOura, 
peel TeKyyecTH HW T. J.) MOFYT Me€HSATLCA, HO OyeM CUMTATb, YTO H3OTPONHS 
MaTepHayia He Hapyluaerca. 

2. B OfHOaTOMHOM TBeEpOM Tesle pH HeEHTPOHHOM OOJIYYeHHH BO3HNKAE} 
oObemHoe pacuinpenue 8 (r, 1) (r — paccTosHue, t —Bpems), KOTOPOe MOKHC 
paccMaTPHBaTb KaK pe3yJIbTAT HAKOMJICHHA JecdekTOB MpeHKeJIA, TEMOBbIX 3p: 
(beKTOB U addeKTOB AZePHbIX mpeBpattienul (7,5). 

PaccmaTpvBas, KpoMe ylIpyroro paccesHHA, JHIb peaxuuu (n,f), Oyzen 
Npesnosaratb, 4TO KaxKJbl akT eJIeHHA Apa conpoBomaeTca oOOpa3s0BaHnen 
TOJIbKO OMHOrO XHMHYeCKOFO dJIeEMeHTAa H BbICBOOOMKalollasica MpH KaxXOM aKTe 
MewleHuA sHeprua €; OfuHaKoBa. IIpu HakonyeHHH 3a Bpema ¢ cMelleHuu (® 
BOSHHKaeT OObeMHOE paclupeHue 


Cc 


t 
(r,t) =B\ (007,68) 0()u(e) B(e) deat, (I 


rye n(r,t, ©) de — nloTHOCTb HeHTpOHOB B TOUKe C paHYCOM-BeKTOPOM fr B MO 
MeHT ¢, SHepfHA & KOTOPbIX 3akJIOUeHa B uHTepBasie de(*); v(e) — cKOpoctT! 
HeHTPOHOB; {(s)— MakpocKonMyeckoe apexTuBHoe ceyenne; B (e) — uuca 
MPOW3BORMMbIX OHM HeliTponom cmemlenui (?,4,5); B —orHeceHHoe K OHOM) 
CMeLLeHHIO OOLEMHOe paciiMpenve — BevIMUMHa, HalieHHad SKCMepHMeHTaJIbHO 
OGpemHoe pacuinpenve 9,(r,t), BosHHKalollee 3a CueT O6pas0BaHHA BTOPO 
TO S/leMeHTa NPH ACPHbIX Mpeppalllenuax, ompexemutca cbopmy oli 


0, (ryt) =; (2 


Vo — yembublii O6beM Tema Do O6uyseHus; V —yaenbublit o6beM aByx(a3uol 
CTPyKTYpbI 


V =Vopo + ViP1, 
540 


ne Vo u Vi —yjenbubie oObeMbI (a3; Py U P1 — OTHOCHTeJIbHOe KOIMYeCTBO 
/OOTBeTCTBYIOMeH (pa3bt, 


t 00 
\\ div (n, v) de dC; 


i — aTOMHBI Bec; Ay — uucno Asorampo; p — mnoTHoctTD. 
Sa cueT TeMJOBbIX 9(pPeKTOB BOSHHKaeT OOBeMHOe paculMpeHne 


65 (r, t) = 8a (T —T,); (3) 


| 
: — KosppuuveHT TeMMepatypHoro sMHeliHoro pacumpenua; TJ — Temmepatypa, 
(mpeeaeMad Tp JaHHbIx rpanHyHDIX ycuOBUAX ypaBHeHvem 
CO 

div (n grad T) + | (euse + (1 —k) wae}] nv de ="co 
i 0 
a X — kosPPUUHeHT TeMJIOMpOBOAHOCTH; ws H pq —opPeKTHBHbIe ceueHHA 
SOOTBETCTBEHHO pacCeAHHA MW NOPJlouleHua; © — 9Heprua OomOapgupytoulero Helt- 
“poHa; c — yeJIbHaA TellIOeMKOCTb. 

Ha ocuopanuu (1) —(3) ecrecTBeHHO mpesnomOxXUTb, 4TO 

3] 
0 (r,t) = Dn (r, t). 

pn=1 
oo MIOKA3bIBaeT, YTO MPH AOCTATOUHO OOOH SKCNO3SHIMH MOXKHO OKH- 
JaTb, 4TO BemuunHa O(r,t) OyneT uHOrga HopsaKa 10-°. 

3. [[pH HasIM4uHH B H30TPONHOM TevlIe OObeMHOrO pacuMpenusa O(r,t), He 
3ABNCALLeroO OT HMCIOWIMXCA B HEM HaMps2KeHHH, MOXKHO MpexNoOMOXKUTb, TO 
2BA3b MEKAY MaJIbIMH yOpyrHMH JecsOpMalWAMH HW HaNps.KeHHAMM OMUILeTCH 
COOTHOLUCHHAMU 


OT 


F (0<k<1), 


{=e y - 0 ere oa 
ey = —E- TXy — S808 + Zoe (i= 1, 2,3), 
rye e; u Xz — COCTaBJIAIOIMe TeH30poB YePopMalMi uM Hanps»KeHHH; 6 — co- 
| ‘ 
CTaBIAOllWe eWHHUHOTO TeH30pa; 30 = >) Xu — nepsiti MHBapHaHT TeH30pa 
HanpaxKenui; E uv y—mojysb lOura u Koadpuuneut [lyaccona; yy = 1 npn 
mj UW Y7—2 npn i= j. 

EcJIM MMe€IOT MeCTO MavIble ympyro-mylacTHyeckHe JePpopMallHu, TO, HCIOVJIb- 
3yA TeOpHiO MaJIbIX ylpyro-nacTuyecKkHx MedopMauni (*), Ha OCHOBaHHH 
runotesb! HefimaHa MOxKHO MpeANOJOXKUT, YTO CBH3b MEKLY HaNpsKeHUAMH HU 
JePOpMalHAMH MpH MpOCTOM Harpy2KeHMM OMMCbIBAeTCA COOTHOLICHHAMH 


2c, o i) 


Sy = le) ee 


De 55, 3K 3° 


rie D, u De — TeH30pbI-eBuaTOpb! HanpAxKeHHH HU JecopMauuHi; 9; u é;— HH- 


omg ° i ° 
TeCHCUBHOCTH HampaxKeHHH H ResopMauHh; 3e = Seu — nepali MHBapuaHT TeH- 
3opa Aecbopmauni; K — MogyJib OObeMHOrO CKATHA. 


MockoscKult rocyfapcTBeHHbIM yHHBepCcHTeT ‘Tloctynmun0 
um. M. B. Jlomonocosa 23 IV 1958 


IMTHUPOBAHHAS JIUTEPATYPA 
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m uu, [lpuxa. matem. u mex., 18, B. 6, 644 (1954). 


541 


Jlokxaagn Akagemun nayk CCCP 
1959. Tom 124, N 3 


THIPOMEXAHHKA 
MW. WH. BOPOBHY u B. H. FOXOBNY 
CTALIMOHAPHOE TEYEHHE BA3KOM SKUAKOCTH 
(I1pedcmaeaexo axademuxom I. H. Tlempoeoim 20 1X 1958) 


PaccmaTpuBaetTcaA 3afaua 06 yCTaHOBHBIIeMCA JIaMMHapHOM -TeYeHHH BA3- 
KOH %KHJKOCTH B HeKOoTOpoH obacTH Q, KoTOPpaA CBOJMTCA K OMpeeJIeHHIO BeK= 
Topa cKopocru v (x) (x —TouKa oOmacTu ©) no ycOBHAM: 


Lv=vAv—\y, V)v+F=—Vp (v, 0 = const > 0); (1) 
diy v = 0} (2) 
Visi=b; (3) 


rye F u b —s3ayjaHHble BeKTOpbl. TeopeMa CylleCTBOBaHHA KJIaccH4ecKoro pe- 
WeHHA [WIA STOH 3aqayH WoKa3aHa B (°). 

Hauia Wemb—neceqoBanue AuddepeHUMabHbIX CBOHCTB peleHHA B 3AMKHY- 
TOH OOMacTu M ObICTpoTbl CXOAMMOCTH MeTOa TanepKuHa. MbI BBOLMM JIA JlaH- 
HOW 3aaun OOOOULEHHOE pellleHHe, OKAa3bIBaeM JIA Hero TeOpeMy CYLWLeCTBOBaHHs 
HM NOKa3bIBaeM, YTO OHO HMeeT 1000 Hanepex 3aaHHOe YHCJIO HEMPepbIBHBIX B 
3A4MKHYTOM OO/1ACTH NPOHSBOAHEIX, CCIM PpaHulla OGacTH MW MpaBble uacTH ypaB- 
HeHHH OOsaqaioT JocTaTOuHOH ryiaKocTbio. B uacTHOcTH, NoyuaeTcaA u TeO- 
peMa CYIeCTBOBaHHA KJJaCCHYeCKOTO PpeleCHHA, ONHakO 6e3 HCHOb30BaHHA 
OWeHOK AIX TeH30pa TpnHa COOTBeTCTBYIOWeH JIHHEHHOK 3ayaun. 

ByjleM CunTaTb BBITIOJIHCHHBIMH CJIeqyIOUlWe yCJIOBHA: 

a) Q —orpanuyenHaa oG6acTb (4ByMepHad UH TpeXMepHas), rpaHuia 
KOTOPOH COCTOHT H3 KOHeEYHOFO 4HCIa 3aMKHYTHIX MOBepXHocTeli (KpHBbIX) J|s- 
ITyHOBA; 

6) b —rpanuuHoe sHatveHne COJICHONaJIbHOrO BekTOpa a (x) & Vo, b, = 0 *; 


B) Ley, B TP€XMepHOM cylyyae, 
Fe ies 
Lrve(& > 9) B JBYMepHoM culyyae **. 
BreyemM ruibOepTroso mpoctpancTBo Hy, ¢c MOMOUIbIO 3aMbIKaHHA MHOKeCTBA 


rlaKUX COJHOMAaJIbHbIX BEKTOPOB, HCUesaIONHX BOM3H rpaHuupr S B HOpMe, 
NOpOKMCHHOH CKaJIAPHbIM MpOvsBeqeHHeM 


(asinine \ rot uy + rot u, dQ. (4 
a 


Jia Bcex SleMeHTOB WEH, uMeeT MeCTO HepaBeHCTBO: 


[|WIleg Sm ||wlla., (5 


* TlanHoe ycoBHe HeCylkecTBeHHO. ~ 
** Hopmy B L, onpegeaum papexctsom || u II?,, = \ jul? dQ. 
Q 
542 


€ m-—KOHCTaHTa, He 3aBHCAad OT W; q> 1 u mo6oe B AByMepHOM cuIy- 
e u 1<q<6 B TpexmepHom cayuae. 


Onpeneneuue 1. O6c6mennpm peulennem saqauu (1) — (8) HasprBaer- 


| BeEKTOp V=a--u, ryeu€H, 4 yoBneTBopser AA moGoro ® € H, Tox7e- 
‘BY 


| y(u-)y, = ((F-& —(u, V) u-@ —(a, V) ue —(a, V)a-O + 


Q 
+ (u, V)®- a—vrota-rot 0] dQ. (6) 


_Jlemma 1. Jn mozo umo6or 6eKmop V=a-+u 601A ob0OwWeHHoIM pe- 
eHuem 3adauu (1)—(3), Heo6xodumo u OocmamounHo, umobor 6ekmop wu 
logneméeopAA onepamopHomy yYpaeHenuro 


uu, (7) 
, onepamop K onpedensemca coomnowenuem 
y(Ku, ®)y, =| [F-& — (u, V) u- — (a, V) u-@ — (a, V) a-@ + 
rs 
+ (u,V)® - a —vrota-rot ©] dQ, (8) 


ce @ € A, 4 nponszoubHa. 

K 8B Hallux yCJIOBMAX OKa3bIBAeTCA YCHJICEHHO HeMpepbIBHEIM OMepaTopom. 
| JlemMa 2. I]ycme évinoaneno ycaoegue 6). Toeda Ona ato6020 = >0 mozice 
) ykasame maxoll eexmop a, &€ WY), «mo 


diva;y=0; al,=b; |laill,, <e- (9) 


; Ucnomsya (9) w oueHKu Tula (5), ycTaHaBsIMBaeM CMpaBeVIMBOCTb cyle- 
(ollero YTBep>KeHHA: 
) Jlemma 3. Bexmopuole nora 


7 


Gu=(E—K)u, Gyu= Eu 


tw cabepax npocmpancmea H, c yeHmpom @ O u docmamo4Ho 6boAbtUO2O pa- 
wyca eomomonnol(*), ecaedcmeue 4e2o e6pawenue noad Gu Ha YKasAQHHOlx 
pepax ecmb +1. 

} Ha ocuose mpunuuna Jlepet u IZaynepa(t,®) mesaem 3aksroueHHe, UTO 
(ipapeiuBa cCJlefyroulad Teopema: 

| Teopema 1. J/pu ycaoeuax a), 6),8) 3adaua (1) —(3) umeem no meno- 
ti mepe OOHO o600iWeHHoe pewenue. Ecau OononaKxumeabHo umerom mecmo 


|Fllep Sea lalla <C2, 


Je Cy U Cy 3aeucAm moAvKO Om ObaacmMU, Mo OCbOo0bWeHHOe pewleHue edUuH- 


16CHHO. 
| Ilpumeuanuue. Ectb ocHoBanuA CuNTaTb, ITO B OOUeM cuJlyuae e]MH- 


'BEHHOCTh He HMceT MeCcTa. 
Teopema 2. Jlycmb OonoanumeavoxHo Oaxo, “mo * 
FEH(k,m,d); S€J/g(m,)). 
* Knacce pynxunit H (k, m, A) w opepxuocteli JJ, (m, A) onpemesenbt B (°). 
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B amom cayuae ecakoe o606iwenHoe pewenue sadauu (1) — (3) 


H (k-+2,m,)), eZee H(k+1,m,)), L<de 
vel te LO me 10) yoke pt neo Ls 


TIpu k=O mot noayuaem Kaaccuueckoe peweHue. 
Jia npu6svKeHHoro OTbICKaHHA OOOOUeHHBIX pelienult sagayu (1)—(3) 
=_> 


MOXKHO HCMo/Ib30BaTb MeToy By6uopa —Tauepxuna. Ilyctb {,} — nomHaa BH, 
cuctema, mpuyem d,€W@). Byjlem uckaTb mpvOuIMmKeHHoe pellieHHe B Bue 


=a-+ ys Ain On: = Aree: 


A= k=] 


KouctaHTs! Agn ONpeemIOTCH U3 CHCTeMbI ayireOpaMyecKHx ypaBHeHHi 


( LvaeGedQi=0 (k= 1,...7). (10 
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Teopema 3. ITycmo eoinonnentt ycaoeus a),6),B). B amom cayuae: 

1) cucmema (10) npu Kazxcdom n umeem no menoweti mepe oOHO Oeticmeu: 
meAbHoe peienue; | 

2) ecé Un Npuxadrencam HeKomMopoli cdepe npocmpancmea Hy; | 

3) ecau u,— Cabot npeder @ Hy nocaedoeamenoHocmu u3z {Un}, mo an 
+ Uy = Vy — 00061yeHHOe pewenue; 

4) ecaxan cadbo cxodsuaaca nocraedosamerbHocmb u3 {u,}cxodumca @ H. | 
CUAbHO, BCAeOcmsue 4“e2eo MHO2CeECMS8O {Un} CUAbHO KOMNaKmHoO 6 Hy; | 

5) 6caKoe ob06uyeHHoe pewenue Hexynesoeo undeKca (1) ecmb cuAbHolii npe: 
Oen Hexomopol nocraedogameAbHOCMU U3 {Vn}. 

B HeKOTOpbIX CJIyYaiX MOXKHO OLMeCHHTb _Opictpory CXOJHMOCTH nocs1ejOBa: 


TeJIbHOCTH H3 {Uy}. IlycTb B KayecTBe {bin} HCMOJIb3 YIOTCA Bek Toppy ea 
Bula | 


bm = F (x) Pm (x), 


7 re | 
rae F = 0— ypasnenve nospepxHocta S; P, —BeKTop-pyHKIMH C TOJMHOMH| 
AIbHBIMH COCTAaBJIAIOWHMH. Tlyctb F€H (k-+3,m,1), npuyem grad F|,= 0, 
oOoOuleHHOe peuleHHe V»€ H(k,m,) uw He SABaeTCA _ocoObm, T. e. +14 
€CTb COOCTBeHHOe YHCIO ypaBHeHuA 


' 
| 


a d grady, Ko. 


B sToM cyyyae cyllecTByeT NoceqOBaTeMbHOCTh NpPHOMKeHHE UW, TaKad, UT 
B TIJIOCKOM culyyae 


la (Rk + 3-+ A) 
n ecmH A< 1; 
I]4n — Uyll 1, < 6s (1 


a, (Rk ae 
ee) apie eek 


B [IpOCTpaHCTBeHHOM cJlyyuae 


m 


Is (R+3-+ >) 
n mm ROC m= [> 
I|Un — Ugl| A, < ve : (1 


Penh 
A ae i” Seen Vas eae 
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IIpH nosyyenmm otenox (11), (12) ucnomb3oBannch pesysbTaTet u3 (4). 
zk MOXKHO BbIOpaTb HW B BUTE 


by = rot (F2P,). (13) 


IIpumenenuve cuctempt (13) Bo MHorux cJlyyaax ynpoulaer mpakTuyeckoe 
CHOJIb30BaHHe MeTOJa bByOuopa—TasepKuna, m03B01AA OCBOOOAUTHCA OT 
peBapHTeJIbHOrO YJOBJeTBOpeHHA YpaBHeHHA Hepa3pbiBHOcTH. B 93ToM culy- 
ae Tak2Ke MOryT ObITb NOJYYeHb! OLeHKH MorpeuiHocTu, anavioruuHble (11)—(12). 


Poctosckuit-Ha-Jlony rocyapcTBeHHnlit Tloctynusto 
YHUBepcuTer 20 IX 1958 


UWUTUPOBAHHAS JIMTEPATYPA 


1M. A. Kpacuoceapbck u it, Tononormyeckue MeTOAB B TeOpHH HesHHeMHEIX HH- 
‘TpasbHbIxX ypaBHeHHl, 1956. 7 DK. Jlepeu, FO. Ul ayanep, Yen. matem. uayk, 1, 
2 3—4 (1946). *%H. M.T wutep, Teopua notexunana u ee MpHMeHeHHe K OCHOBHBIM 
ylauaM MaTemMaTHYecKoH du3nKn, 1993. * UW. IO. Xappuk, JAH, 80, Ne 4 (1951). 
meLetay, J. de Math..Pure et Appl., 12, f. 1 (4933). 
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Jloxaagn AkagemMun Hayk COC. 
1959. Tom 124, Ne 3 


J. J. WBJIEB 


O COOTHOWEHNAX, ONPEAEJIAIOWMX MNJTACTHUECK OE TEYEHME | 
MPH YCJIOBMM MJIACTHYHOCTH TPECKA MW EFO OBOBLJEHHAX 


(IIpedcmaenexo axademuxom IO. H. Pabomxoevim 30 1X 1958) 


Hyoke paccMaTpuBaloTca COOTHOWIeHHA, ONpeeAtollMe MacTHYeCKOe Té 
yeHHe, COOTBETCTBYIONLee PpeOpy MpH3MbIl, HHTepNpeTHpylolleH B MpocTpaHcTH 
TlaBHbIX HalpsxKeHHH ycmoBHe miacTuuHocTH Tpeckd 
WIM, JPyYTHMu COBaMH, YCJIOBHe MOJHOM NwacTHuHOCTH 
PaccMaTpuBaloTCA TaKXKE COOTHOWCHHA, Opeevi AIONLY 
JIBUXKeHHE CbITyueH CpeAbI MpH ycJIOBHAX T1peyebHOT 
COcTOAHUA, OOOOMLaIOWlUX yCOBNe MacTHuHOcTH Tpecki 

1. Ha puc. | mpeyctaBmeHo ceueHue Tpv3Mbl, MHTes 
IIpeTHpylolleli B MpOCTpaHCTBe TwlaBHbIX HanpsAxKeHP 
01, Og, Og ycuOBNe MuacTHuHOcTH Tpecka, MmO0CKOCTE} 
o3; = const. CrpeikaMH NOKa3aHbl HalpaBJIeHHA Mat 

Puc. 1. THYeCKOrO TeYeHHA, OMMpesesIAeMbIe AaCCOWMHPOBaHHbi 
3aKOHOM TeueHHA. OOo3sHauan uepe3s 1, 2, 3 Hanpa' 
JIGHHA PIa@BHbIX HalpsXKeHUH, ONPeeJIHM B3aHMHY!O OPHeHTAILHIO STHX OCeH 


oceH JeKapTOBOH CHCTeMbI KOOPAHHAT xX, Y, Z HaMpaBJIAOUMMH KOCHHYCaM 
TaOJIMUBbI 


4 2 3 
% ly my ny 
y ly Ma Ng 
z lg Msg ng 


PaccmorpuM, Hanpumep, TouKy D(A) (puce. 1). Torna o, = og = 63 + 2) 
rye 3fecb HW Jlaslee BEPXHHe 3HaKH OTHOCATCA K TOUKe D, HuxKHHe K TOUKe / 
Tak Kak 


Oy = 0,1? + oon? + Galli. « 


Txy = Olle a. Softly Mg -}- Ogllylg, ...5 


TO 


Ox = 0 -+2kn?, oy =o, 2kn, 32 = oy 2kn?; 


xy — 2knyNe, T yz a 2RNgNz, Sees 2kngh, 


Me sy=op 4k, c= 5(oy 9, ce), 
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Cornacuo (1,2) KOMNOHeHTEI HaNpMKeHHA OKa3sbIBAIOTCH BbIPaxKeHHbIMH Ye- 
3 UeTbIPe (PYHKUMU: o, y; (i = 1,2, 3), rae cose;= nj, AaA onpeylesieHHaA KO- 
dBIX HMEIOTCH TPH YPaBHeHHA paBHOBeCHA M OHO COOTHOIWeHHE Mexyy 
NpaBAIOIUMH KOCHHYCaMH 71;. CileqoBaTeIbHO, MPH YCOBMH NoWHOl mac- 
MHOCTH 3aaua ABJIACTCA CTaTHYeCKH ONpeseHMO!. 

} Hessecruo('), uro cucTema ypaBHennii, onpezenmomas yHKunn 3, Q, MpH- 
oo K THnepOommyeckoMy THY, NpHveM ypaBHeHHe, onpesemsmousee 
|pakTepucTuyeckoe MuHorooOpasne YW (x, y,z), 3amucbiBaeTca B BUTE 

[2 — (grad V)2] = 0, (1,3) 


| or or or 

‘ Gx COS f1 By COS Gp ++ Az COS $3 
y KoMMOHeHTHI CKOpOCTH MvlacTHYecKOH JecbopMalMH oMpesesmoTCH B 9TOM 
‘tydae U3 YCNOBHA HeckkHMaeMOCTH 


&,+e8,+2,=0 (1,4) 


/¥3 yCOBHA vs0TponuN, TpeSyrollero coBNaeHua HanpaBJeHHit TaBHBIX 
je TEH3OpOB Hanpsx%KeHHA MU CKOpOcTH ecbopMalmun. 
} CormacHo ycsoputo usoTponun 

, = 6,1? + egm® + egn?, ... 


(1,5) 


i 


I Sxy = Sylylo + egtmytne + egryMe,... 
| 


} Cnyyai ©,;=€, Oosbuioro WHTepeca He MpeACTaBJAeT, NOCKOJIbKY mpH 
OM cooTHoueHHA (1,5), (1,2) npHBogitT K 3aKony TeyeHun Myseca u 3aqayua 
TaHOBHTCA TMepeompeyesieHHOH. 

_B o6mem cayyae mpw eee, 0 (i R; i,k =1,2,3) paccmoTpum 
acTeMy ypaBHeHni 

/ 


3 o, [2 ++ Sgt + egit = ex, 
yl, ly + SgtyMeg + SgMyNe = Exys ‘ (1,6) 
&,lyl3 -| SgtMyMs + EgMyNg = € xz. 


O6osHatan sepes A, onpeyemuTesb CHcTeMbI ypaBHeHul (1,6), Haligqem, uTo 
11 = lm,n,. Jlanee, nerKo HaliTH, 4TO 


&5 == 8x + Oxy + exn (1,7) 


ny 


PaccmaTpuBaa CHCTeMbI ypaBHeHHli, aHaslorHunble cucteMe ypaBHenuli (1,6), 
 TIPABbIMH YACTAMH fy, Exy, Syz, A TAKKE fz, Syz, Syz, HAWJeM, TO 


eharegae teeta — 
Siam | HT YZ ’ 
n n 
2 2 (1,8) 
1 te 
Bo eee eae ee aa 
Vis (1,7) u (1,8) nomysum uckomyio cucTemy ypaBHeHHit 
— fe = ee bys Fa Sey a9 
area at 8425 ths ne bua ec aol pial z ( ) ) 


Ucnomp3ya cooTtHowerns (1,2), mepemumiemM cucTeMy ypaBHeHHl (1,9) B 
aye 


5,—6 + 7/sk o,—o+ ?/sk o,—o+ */3k me 
Gx + Oxy - z Exz ee Exy 5 Fa ass 
xy XZ 
2 mee 2/ 
o,,— 5 +/sk Ceca abe Cea 8 ee ake) S (1,10) 
+e ie yk Eyz a | ze ’ 
y T yz Tez yz 
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OueBuquo, TO BH cooTHoWeHHi (1,10) He saBucuT OT BHIGOpa Beputiip 
ecTHyrou/bHuKa puc. 1, npwyem jaa Bepumn B, D, F nepeq moctoxHHon * 
cneyyer B3iTb 3Hak moc, Aud BepuimMH A, C, E — 3HaK MHHYC. | 

' Tlepexoqa K cKopocTam TepemMenleHui u, U, W, 3aTIMUIeM CHCTeMy ypaBHell 
(1,4), (1,10) B Buge 


Ou ov Ww 
BE Tay Tikes Oo 


2, 2 
Ou Ou Ov \ Ne Ou dw \ Nz — 1 __ (oo =) ae — 9 o_o 1 
2 +(50 + oe) ae tae + eam ae tay zoe 


- 2 
Gh, om (Oe 4 Ow Ri 9:01 (Oe eve 
(ates +5)2 Fea 1 \"3e Fay Nsfg dz 
[Ipeyctapiia XapaktTepucTwyeckve MHorooOpa3Ha CHCTeMbl ypaBHeHnuli (1, | 
B Buse y (x, y, Z), HayeM, 4TO 


F [2F? — (grad x)®] = 0, (1,] 


rye F = Xcosq, + Sh cos 2 + FE c0s gs. | 
M3 ypapuenni (1,3) u (1,12) cmegqyer cosnayeHve xapakTepvcTuyeck| 

MHorooOpa3Hit CHCTeM ypaBHeHHi, OMpeAeJIAIOWIMX MOJIA Hallps»KeHHH HM CKOpoc 

TlepemMelleHnit. 
2. YpaBueHve COCTOAHHA CbIlyyeH Cpefbl salem B BUJe 


max {|t,|— ontgo} =k, (2. 


Tle Tt, Sy — KacaTeJbHOe H HOPMaJIbHOe HallpsxKeHuA; k, p — NOCTOAHHEIe. 
PaccmatTpwBaa ycuiopue (2,1) B KayecTBe cbImNyyero NMOTeHWMasa, MO 
ONpeeJIMTb ACCOWMMPOBaHHbI 3aKOH JBUXKeHHH CbIlyyeli cpebl. 
YcsOBHe NOHOrO MpeeJbHOrO COCTOAHHA 3allHIWeM B BHJe 


oo Tsing 2k cos p (2, 


St Hoh or == See Ye eT 
: LSE sing: <4 sine 
CorlacHo aCCOWMHPOBaHHOMY 3aKOHY JBYUAKCHHA JOJIXKHO HMe€Tb MeCTO 


; 2sine Ng Ng 
S ——— |e — —)= | 
Cxcis ed re 0. (2, 
Tak Kak B 9TOM CJly¥ae TakxKe CJIeAyeT HCMOb30BaTb YCJIOBHA H3OTPONHI 
TO CHCTeMa YpaBHeHHi, OnpeyeAIoulaA Mose CKOpocTeH MepemMeuleHHit B cJTy4a 
(2,2), OyweT cocToxTb M3 ypaBHenua (2,3) H ABYX MocmeqHHx ypaBHe 
cuctempr (1,11). | 
YpaBHenne, oMmpefessmoulee XapaktTepucTuyecKHe MHOrooOpasua x (x, y, 4 
CHCTeMbI ypaBHeHHl, COCTOAMel H3 ypaBHeHHs (2,3) H AByx MocweqHUX ypaBHd 
uu (1,11), 3anmmerca B Buse 
| 
2 
ER ier—(srad*y)*] 0 nas 

[ (g x)?] ? 1 sine i (2,4 

B o6mjem cutyyae pu 


max {|%n|—f (en)} =0 (Be 

yCJIOBHE MOJIHOrO MpeAebHOrO COCTOAHHA MO%KHO 3alMcaTb B BHye 
2) = 9, "/y(s1 — 95) Sin 20+ f [/p (01 + 94) + 1/2 (3, — 5) c08 20] = 0, (2,6 
rye df /ds, = ctg 2w. 

Brejlem tapamerp ¢ HM salluiiem ypaBHeHHe KpuBoli (2,6) B TIpOcTpaHcTsB! 
91, Go, Sg B BUE 

1 = G5 = ihe ue (t — 33) Sin 20 + ii [1/2 (t + 33) Se (t = 33) COS 20] oS Op 
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forya 
doy, do» dog 1+ c0s2w 


Cia de Gio dia es cos 2a > 


13 aCCOWMHPOBaHHOTO 3aKOHA J[BHXKCHHA B 3STOM CJTy dae Oy em HMCTb 


2 cos 20 


nh Ne i) 
ee + by + eee pegs (ee J Le + 8122) = 0. (2,7) 


YpaBHeHve, Olpejemmoulee XapakTepucTuyeckue muoroo6pasna y (x, y, 2) 
€MbI ypaBHeHHli, COCTOAMeH M3 ypaBHenusa (2,7) u ABYX MocmeqHuX ypaBue- 
(1,11), sanmmerca B Buge (2,4), rye a = 2/(1 cos 20). 

IpvHumaa BO BHHMaHve pe3yJbTaTbI paGornl (1), MOxHO 3aKJIOUNTb, TO 
IKTeEpHCTHYeCKHe MHOrOOOpa3snA cucTeM jucpcbepeHItMaJIbHbIX ypaBHeHH, ompe- 
MOMMX NOAA HaNpsArxKeHHH WM CKOpocTel NepemMellenui, pH ycIOBHAX NomHOrO 
(@JIbHOrO §=COCTOAHHA MpH 3apucumoctsax (2,1), (2,5) mu accolMMpoBaHHbix 
Hax TeyeHHA CoBMaalor. 


Tlocrynuao 
27 IV 1958 


WHMTHPOBAHHAA JIMTEPATYPA 


H.0. Usaes, Ilpuka. matem. u mex., 22,8.1(1958) *? B.B. Cokonospcexkui, 
{Ka cbimyyel cpemnt, M3q. AH CCCP, 1942. 
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Jlokaays Axajemunu nayr- CCCP 
1959. Tom 124, Ne 3 


MATEMATHYECKAA ®H3HKA 


O. A. JIA BOKEHCKAS 


CTAWMOHAPHOE JIBYDKEHHE BA3KOH HEC)KAMAEMONM 
MUAKOCTH B TPYBE 


(ITpedcmaeaeno akademuxom B. H. Cmupnosoim 15 IX 1958) 


B padorax Jlep (1) uv Hamre (7) paccmorpena s3aqaya oOTeKaHUA TEN KO- 
——> 
HEUHBIX Pa3MePOB CTAaWMOHAPHbIM MOTOKOM C 3afaHHbIM Pe%XKHMOM Uo = const 


Ha OeCKOHeCYUHOCTH H WOKa3aHO CyWlecTBOBaHHe MO KpaliHelt Mepe OAHOrO JIaMH- 
HapHoro JBHxKeHuA MpH wWOOKIX uncax PetiHoubaca. B HacTostiel 3amerKe 
MbI JOKa3bIBaeM, UTO TO %Ke CaMOe HMCET MECTO H AVIA HeOrpanuyeHHOH TpyOnl 
MpousBobHoro ceyeHun. Ha sty 3afauy oOpaTusl Moe BHHMaHue JK. Jlepait 
BO BpeMA cBOero HefaBHero mocemeHua JleHuurpaya. 

Ilyerb ©) —uHeorpanuuenHad o6acTb 9BKINOBa IpocrpaHcTBa 
X = (%, X2, Xg3), COCTORINad M3 Tpex uactel: Q), Q2u Qs3; o6macTu Q, u Qs cyTb 
KYCKH IWHIMHApHyecKux TpyO Mpou3sBobHbIxX ceyeHuH D, u D3, yxonate 
Ha OecKoHeuHOcTb, a Qe —cpeqHaa uacTb TpyOn Q, coequusaomad Qy u Qs. 
Ilycrb a,(x) u aa(x) cyTb CTalMOHAPHble PEXUMBI, OTBEUAIOMLHe HEOrpaHuueHHbIM 
B OO€ CTOPOHbI IMMHApHuecKuM TpyOam ceyeHui D, u Ds, He MeHsIoOUHeCA 
BAOb Ocel STHX TPYO. STuM pelleHuAM a,(x) HM as(x) HeTMHeMHOM cTaljuoHap- 
HOM 3aauM THAPOMMHAMUKH BAZKOM YKUAKOCTH, KAK M3BeECTHO, OTBeEYAIOT [aBJe- 
HUA pi(x) u ps(x), HMeION{He MOCTOAHHbIe, HampaBJIeHHbIe BLOIb OceH TpyO 
rpamuentn. Hara 3agqaua cocTrouT B HaxoxkeHun B Q pemenna u(x), p(x) 
cuctemb! Hapbpe — Croxca 


—vAu + uz Uy, = grad p +f, (1) 
div u.—=0, 
yoBseTBopsioulero Ha rpanune S TpyOpr {2 ycu10BHto 
u|, =0 (2) 
H cTpemsamerccs# K a, (x) H as (x) npu yqanenuu Bob Qy uv Qs K OecKOHedHOCTH: 
u—a,, |[xj>0o, *xE€Q,, 
(3) 
u— as, |x 0o, xe Os 
TIpHueM 
\ ands \ (as, n) dS. 
Dy Ds 


O6osHauuM yepes H (Q) rumbOepToBo NpocTpaHcTBO, HosyyeHHoe 3aMblkKaHHeM 
& HOpMe, COOTBETCTBYIOUeH CKaJIApHOMY MpoHsBeeHHto 


(U, V) it (a) =| Ux, Vx, AX, 
Q 


mHoxectBa Mt(Q) Bcex raaqKux, CPMHUTHBIX B 2 cOmeHOHJaJIbHbIX BEKTOPOB. 
Kak jlerKo Bugetb, BeKTopa v (x) u3 H (Q) oOpamarotca B ONpeyeJIeHHOM CMBICJIe 


ool 


B HyJib Ha S H Ha OeCKOHe4HOCTH. Jina Hux, HampHMep, OrpaHuueH MHTerpa, 
3 


N (ju AB uh) de. 
2 k=1 4 ‘ 

Ilyctb a (x) — Kakoli-1M60 COJICHOMaJIbHBIM BEKTOP B Q, MMerOmHH o6o6leH: 
HbIe MepBble NPOMSBOJHBIe, KBapaTHYHO CYMMUpyeMble 0 JOGOM OrpaHHueHHor 
yacTH Q, paBHbili Hyio Ha S m copnayaioulul C a,(X) HM ag (x) COOTBETCTBeHH 
BQ, u Qs; yaa JocTaTOUHO OosbWIHXx | x}. 

Hasopem o6OOmLeHHBIM pemeHuemM 3agauu (1)—(3) BexTop 
Tako, uTo v(x) = u(x) —a(x) €H (Q) u ToxecTBO 

> > > 
{ (tty, By, + Watt) dx = \ {OD dx (4) 
Q 


Q 


a 

cipapeyiuBo quan m06cro M us Mi (2). 
Teopema. 3adauva (1) — (3) umeem no Kpatineti mepe o0Ho ob0btuwennoe 
=> 1 
petwenue wu Ola s2tmboe0 f, onpedensioijezo AUHetHoLL GyNKYUoHaA | i@ dx | 

Q 
> 

Had © 6@ H (Q). Imo pewenue 6yOem mem Gonee enadkoti dynkuyuetl (yYOoRemeéo- | 
psarowett cucmeme (1)), «em Goree enadkumu 6ydym f u epanuya S. B wacmxocmu, 
ecau f u npouseodHole Oo eBMOpoed NOpAOKA om epanuunolx GynKyult yOoese- 
meopstom ycaoeuio Teavdepa, mo obobwenHoe pewenue OyOem KAQCCUXECKUM. | 
O6mui naw JoKa3aTebcTBa NepBo wacTH TeopeMbI cueqyroulMH. Crpoun | 
cemelicTBO BeKTOpoB a(x, 6) THNa BeKTOpa a(x), 3aBMCAWlee OT MapamerTpa 


6€(0, 6;] Buga a (x, 6) = rot [at (x) C(x, 6)]. Saecb a (x) — BnowHe ompeyeJIeHHbIA 
BeKTOP, JI KOTOporo rot a (x) =a(x) uw |a (x), ax, (x)|<const, a C(x, 6) —no- | 
CJI€OBATeJIbBHOCTb «BbIMeTAIOLLAX» (PYHKWMH, paBHbIx 1 BOHu3H S Hw 6eCKOHEYHOCTH | 
H HyJO BHyTpH QQ, 3a ucKsO“eHHeEM NorpaHHuHoH momocku y S wimpHHbr 6 
M Tex X, AA KOTOpbIX |x| > 1/6, qua Hux |C(x, 8)|<e, | Cy (x, 8) |<c2/8. 
Bo3bMeM ofHO u3 a(x, 6). TIlyctb Qn, n= 1, 2,..., ecTb TocneqoBaTeJb- 
HOCTb paCUIMpAIOWMXCH OPpaHHYeHHBIX OO/acTel, uCuepMbIBalollad B Mpesese 


Bcé Q. na Kangol us Q, HaxoqHM OOoOmeHHOe pellieHHe ui” cucTembI (1), 
YOBJeTBOpAIoMlee Ha ee rpaHutie Sp, ycuIOBHe 


1" (x) [sy = a, 8) [spe 


CyulecTBopaHue ero JjokasaHo Hamu B paOorTe (2). Hopmbi BekTopos v"(x, 8) = 
= u"(x)—a(x, 6), n=1,2,..., B H(Q,z) oKasbiBaloTcA orpaHH¥eHHBIMA 
B COBOKYMHOCTH: 


IV" || HO) = (| Vives dx)" <const. (5) 
.9} 


n 


ITO NOSBoAeT Cheah 3aKJIOUeHHE O CYIMeCTBOBaHHU MpefeubHOH pwIa v(x, 8) 
(pynkunu v(x, 6) us H(Q), KoTropas u ompegenaer pemenue u(x) = v(x, 6) + 
+ a(x, 6) Hamel saqaun (1) — (8). 

OctaHoBuMcsh Ha JoKasaTebcTBe omeHku (5). TIpeqmonoxumM npoTHBHoe, 
T. €. ¥TO || V" | (,) = Nn— oo pu n—> oo. Ilo v" (x, 8) noctpoum B Q dbyukuuu 


V" (x, 5), papHbie v" (x, 8) /N, B Qy uw Hy BHe Q,. Bes orpaHHyeHHaA OOMHOCTH 


MOXKHO CUMTATb, YTO BCH NocMeqoBaTembHocTh V" cxoyquTca ca6o B H (Q) 
K HekoTopoH (pyHkunu V. Herpyquo Bugetb, uro V ue sapucut or 8. Pyuk- 
IMM V” Y)OBICTBOPAIOT TO*KecTBaM 


| 1 (VE, + ax) Dey + (08 + a2) (v" + a), OI de = \ i dx. (6) 


Qn Qn 
oom 


> 
IOKHM B HUX DM =v", pasfenuM o6e yacTH Ha Nj u Nepeliyem Kk mipeyeuly 
N—> oo. CylllecTBeHHO HCMO/Ib3yA KOHCTPYKILHIO a(x, 6), WoKa3bIBaeM, UTO 
Ipefeyie MbI NoOyaIMM paBeHCTBO 


bs \ Ve (x) a(x, 8) Ve, (x) de, (7) 


Q 


JaBeiuBoe Jd V c uoObIM BeKTOopomM a(x, 5) u3 Halllero ceMelicrBa 
x, 6). Ho Takoe papeHicTBO HeBO3MO2KHO, HOO, KaK JIerKO NOKa3aTb, MHTerpast 


2 a(x, 0) Vx, dx crpemutcs kK HysO Upu 5-> 0. Sro mpormBopeune uv JoKa3bIBaeT 


mune OWeHKH (5), a TEM CaMBbIM HM TeopeMy cymlecTBOBaHUA O6oO6nLeHHOrO 
ueHuA. Ilocne Toro Kak oOG60OmleHHOe pellieHne HaliqeHo, uccmeqyem ero 
phepeHuna buble cBOlicTBa, HCNosMb3yA tpyHKiHiIo [puna pia MHeapnsupoBanuoli 
JauH THAPOAMHAMHKH BAB3KOM 2KUJKOCTH. 

Jloka3aHHad 3yecb Teopema JonycKaer O6oOueHHA. Menno, HeT HaqoOHocTH 
iTaTb, 4TO KOHLI TpyOpr 22 cyTb KyckH WasHHApHyecknx Tpy6. JlocraTouHo 
*OJIOXKUTb BMECTO STOFO, YTO OHH ACHMITOTHYCCKH CTPEMATCA K HUM Ha OecKO- 
IHOCTH C OlpefesieHHOH cKopocTbio. Mo KHO HcCJIeqOBaTb NOApoOHee Hu BOMpoc 
OM, KaK U(x) cTpemuTca K a(x) npu |x|— oo. V3 yrsBepxjennit Hauler 


3 
PEMbI BbITeKaeT JIMIWb OrpaHHYCHHOCTb HHTerpaia \ ») (tx, (x) — ax, Cap pes ic: 
QR=1 


JIEOBATeJIbHO, H WHTerpauia \ | u(x) —a(x)| dx. 
2 


JlenuurpaycKoe oTemeHve Hoerynus0 
-Matematuyeckoro uucTuTyta uM. B. A. CTekmosa 11 IX 1958 
AkajlemMuu HaykK CCCP 
t 
UMTUPOBAHHAA JIMTEPATYPA 


1]. Leray, J. Math. pures et appl., 9, 12, 1 (1933. *0O. A. Jlaqpxe H- 
as, Ycm. MaTeM. Hayk, 13, B. 6 (1958). 
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Jlokuann AkayleMuNM HaykK cc cP 
1959. Tom 124, Ne 3 


PH3H 


Akxagemuk AH Aszep6CCP X. WH. AMAPXAHOB, IT. B. BAT YEB u M. A. KADKJIAE 


AHH30TPONHA TENJIONPOBOAHOCTH B MOHOKPHCTAJIJIE 
TEJWJIYPA 


B paoore (') u310KeHbI pe3yJbTAaTbl UCCICLOBAHHA TEMJIOMNPOBOAHOCTH 1 
ypa Ha MOJIMKpHCTasIMYeCKUX OOpasuax. B HacTOAMeH cTaTbe MpHBOLA 
peSyIbTaTbl H3MepeHHA TeMJOMPOBOAHOCTH Ha MOHOKPUCTae Telypa, 
pallleHHOM B negH yTeM MefWIeHHOrO OxJaxKgeHuA oT 750°K oO KOMHAaT 
TeMMepaTyPbl KBaplleBOH aMMYJIbl, 3allOJIHEHHOM MHOTOKPaTHO OUMIICHE 
S3OHHOM W1aBKOH TelmypoM. CMToK Teypa WMHoIO 6 cM U4 JHaMeTpoM 2 


katie cek épao 


J8 
25 
h 
1 
> 19 Ze 
—) 
S 
af 
Pe 
100 200 500 400 300 G00 °K 


Puc. 1. TennonposoqHocTh MOHOKPHCTasIHYeCKHX OOPasiloB B 3aBHCHMOCTH 

OT KpNuCTammorpapuueckoro HampaBseHHa. Jf — TeNMOMpoBOHOCTh 06- 

pasua Ne 1, oToxxXeHHoro B BakyyMe mpH 400° B Teyenne 24 uac.; 

2 — TEIVIONPOBOAHOCTh BCeX OCTAIbHbIX OOPAaSILOB BAO KPMcTaorpa- 

cbuueckoH ocn; 3 —TeIVIONpoBOAHOCTh o6pa3soB Neplex,uKyApHO 
KpHcTaqorpapuyeckoH ocu 


OKa3aJICA CIVJIOWIHbIM MOHOKPHCTaJIOM 6e€3 KaKHX-JIM6O OTCIbHBIX Mel 
KpHcTasJIM4ecKUX BKpanieHui. MonoKpucraia pacKkasbiBasicA mo Mapas 
HbIM MJIOCKOCTAM, OOPasyxA Ha MeCTe CKOWJIa OMECTALINE 3EPKAaJIbHbIe NOBEPXHO 
HopMasib K MOBepXHOCTH CKOJIa MOHOKPHCTasa OOpasyer C OCbIO aMITYJIBL j 
27° (amnywla pv BbIpalluBaHHM MOHOKpucTadsa pacnomaralacb B neuH | 
THK@JIbHO). 

M13 MOHOKpHCTa1a Obl BbIPesaHbl OOpPaslbl AIA U3MePeHHA TeNIONpO: 
HOCTH BJOJIb MIOCKOCTeH CKONIa HW B NepMeHAMKy/IAPHOM K HMM HarpaBvel 
H3mepsiuch TakxKe SIEKTPONPOBOAHOCTH u acpcpext Xonna. MeroguKa u3M 
HHA TeMONPOBOLHOCTH Obla Ta Ke, TO B paoore ('). 

Ha puc. | mpeycraBsien TeMnepaTypHblit XO, H3MeHEHHA TeMONpOBO,HO 
a Ha puc. 2 TemmepaTypHaxA 3aBHCHMOCTb 3/IeEKTPOMPOBOAHOCTH HalwHx 06 
0B B uHTepBane 100—640° K. Kpusbie puc. 1 noKa3biBaloT HamMune cH 


004 


BbIpaxKeHHOli AHMSOTPONHH TeMMONPOBOMHOCTH B HalpaBleHHu KpuctTamsorpadn- 
deCKUX OCH MOHOKPHCTaa, KOTOPad OCaGIAeTCA C NOBLILIEHHEM TeMiepaty ppl. 
Tak, mpu temnepatype 100°K i, — kosppulnext TensonpoBogzuHocru TIpH 
TEIJIOBOM NOTOKE, HallpaBJICHHOM BJOJIb MJIOCKOCTH CKOJIa, Gomee uem B 2 pasa 
HpeBbiaeT SHaveHUsA | — KoopHUMeHTa TenOMpoBosHocTH mpu TenOBOM 
HoTOKe, HalpaBeHHOM TepneHAMKyAPHO myockocTaM ckoma. TIpu 500° K 
h; B 1,5 pa3a Gombe d,. 


kanfem-cek-2pad 


et [9 400~«500~=«OK 
Puc. 2 Puc. 3 
Puc. 2. QaekTpompoBoxHocTh AAA TpexX MOHOKpHcTasImMYeCKUX OOpaslOB, H3MepeHHaA BJOWIb 
1000 


KpHcTaJorpapHyeckoH OcH B KoopyuHatax Igo, ny is 


Puc. 3, TemnepaTypHad 3aBHCHMOCTb OTKJIOHEHHA TeMJIONPOBOAHOCTH OT JIMHeHHOTO 3akoHa 
B MOHOKpHcTadax. KpyBad noKa3blBacT pa3sHOCTbh Mey SKCIePHMEHTAJIbHBIMH SHa¥eHHAMH 
M 3HA@YCHHAMH, pacCYHTaHHbIMH NO saKoHy Olixena, T. €. Ady =Agyoy — Ag: KpecTuKH 4 


KPYy*KOUKH BbiIparxkKaloT AIA Pas JIMYHbIX o6pa3iloB 3HayeHHe TOM OJ TCHJIONPOBOAHOCTH, KOTO- 
paA o6ycoByIeHa HOCHTCJIAMH TOKAa WH paCCUHTaHa MO COOTHOLWICHHIO JlappioBa oe UmMymxkesnua 


ABMeHHe AHM3OTPONHH TeMJIONPOBOAHOCTH B MOHOKpHCTaie Telypa, 
BO3MOXKHO, OOA3AHO TOMY, UTO IPH HallpaBJICHHH TeMJOBOrO NOTOKa BOJIb 
MJIOCKOCTeH CKOJIa TENIOBO€ COMPOTHBJIeHHe OOyCJIOBJIGHO B OCHOBHOM pacces- 
HueM (POHOHOB Ha (OHOHAaX. B cJlyyae »%e TenJIOBOrO NOTOKa, HallpaBJIeHHOoro 
NepneHAHKYMAPHO IWIOCKOCTAM CKOJIa, Hapsayy C paccesHHeM (OHOHOB Ha (po- 
HOHAX, BO3HMKaeT elle 3HaYNTeIbHOe paccexHHe (POHOHOB Ha KpucTauMye- 
CKUX CJIOAX KaK JONOJHHTeCIbHbIX WeHTpax paccesHuA. CueqcTBHeM STOrO SAB- 
JIACTCH 3HAUHTeJIbHOe H3MeCHCHHE KaK BeIMYHHbI, TAK U TeMMepaTypHoro xoja 
TEIJIOMPOBOAHOCTH 1, MO CPaBHeEHHIOC),, BOCOOCHHOCTH Ip HH3KHX Temmepa- 
Typax. Ha6sroqaemMaa B JaHHOM CJlyyae KapTHHa TeHJIOMNPOBOAHOCTH aHaJIOruy- 
Ha MOJyYeHHOH pH UCCIeAOBAHHU TeMJIONPOBOAHOCTH NOJMKPUCTaJIMye- 
CKUX OOpa3loB Telypa. B noceqHHuX POb TpaHHI KPHCTAaIMYeCKUX C0eB 
MOrYyT HWrpaTb MeXKKPHCTaIMYeCKHe MPOCOHKU, KOTOPbIe, MOMHMO BO3MOXKHBIX 
TIpHMeceH, ABJIAIOTCA WeHTPpaMH paccestHHA (POHOHOB. OTHM Ke, OUYEBUAHO, 
MO*KHO OOBACHHTb HM TOT (akKT, YTO XapakTep TeMNepaTypHoro XOfa TenNJONpo- 
BOMHOCTH MOJMKPHCTaIMYeCKHX OOpa3sOB MOqOOeH XapakTepy H3MeHeHHA 
TeMJIONPOBOAHOCTH MOHOKPUCTaJJa Teypa B HalpaBJIeHHH, NepneHAMkyJAp- 
HOM IIOCKOCTH CKOJIa, Ip HeOOJIbUIOH KOJINYeCTBEHHOM pa3HHlle h B COOTBET- 
CTBYIOULeEM TeMMepaTyPpHOM HHTepBaie. 

Haum JaHHble 10 31eKTponpoBo_HOcTH OOpaslOB MOHOKPHCTaJa Teypa 
KaK BJlOJIb MJIOCKOCTH CKOJIa, TAK HM MepMmeHAMKYyJIAPHO K Heli MO3BOJIAIOT mpey- 


O00 


HONOKUTb, UTO IPH HH3KHX TeMMepaTypax, BMIOTb NO KOMHATHBIX, 3/ICKTPOH- 
Haat uacTb TenmonpoBogHoctn A), B MCCeOBaHHBIX OOpasilax MoKHAa ObITB. 
IpeHeOpexKUMO MaJIOH, a BCA TEMONPOBOMHOCTbhB yKaSaHHOM TemnepaTy pHOM 
HHTepBasle B OCHOBHOM MOxeT ObITh IIpHMuCcaHa TeMJIOBOM jucddy3uu (OHOHOB, 
TemnepatypHad 3aBMCHMOCTb KOSpuLMeHTa TEMJIONPOBOAHOCTH MOHOKPH- 
cTalia Tey pa BAOb Kpuctaslorpapuyeckux OceH H MepneHAMKyJIAPHO K HUM } 
pH Hu3KUX TeMMmepaTypaxX WMeeT COOTBETCTBCHHO BUHL: . 
KaJl 


ig oer ia eal ee 


CM-ceK -rpay CM:cek -rpay 


a lip BbICOKUX TemilepaTypax 


KaJl 


Kall 
PRS fii coke ete Ue a eS PRE yen! > sate Maia eS Ey 
hy T aS ays cCM-ceK-rpay, 


cM-ceK-rpayl 
Oca6neHue TeMMepaTypHOrO MafeHHA TeMJONPOBOLHOCTH B MOHOKPHCTaJJIe 
Teluypa pu BbICOKHX TeMMepaTypaxX MOxKeT ObITb NPHNHCaHO, KaK HM B Cyyyae 
NOJMKPHCTAIMYeCKHX OOpa3sllOB, yYaCTHIO HOCHTeIeH TOKa B MepeHoce TeMNJO- 
BOH 9HeprHn. pe! ba 
Bemunua dIeKTPONpOBOAHOCTH OOPa3IlOB MOHOKpHCTasa TeIypa u ee 
TemnepaTypHbIlt XO HeocTaTOUHH! WIA TOTO, YTOObI MOOaBouHaA TeMJONPOBOT- 
HOCTb, OOyCsIOBJICHHaA TeMOBOH AudiysneH HOCHTeNeH 3apsAya M BbIpawKaemaa 
3aKOHOM BuyemMaHa— @paulla, Moria OObACHHTb paCcxOMeHHe Me*KLy IKC- 
Me€PHMeCHTAJIbHbIMH 3HAYCHHAMH KOSPPMIUMeHTA TEMJIONPOBOLHOCTH HM 3aKOHOM 
X}~cT 1. JlelicTBuTesIbHO, pacCuUMTaHHble no dopmyvie 


hap +2(Z) To 


(rye ¢— 3€KTPOMPOBOAHOCTh) 3HaYeHHA KOIPPHUMeHTAa TENONPOBOAHOCTH To- 
pa3qo HwxKe 3HaYeHHH, MOJyYYeCHHbIX HAMM 9KCMePHMeHTAaJIbHO. Pe 

PaccMorpeHHoe pacxox*KJeHHe MOXKHO OODACHHTb YUaCTHeEM B MOHOKPHCTAaUJI- 
JMYeECKUX OOPasilax, TaK 2%Ke KaK MH MOJMKPHCTa/JIM4YeCKUX, HapAyy C TeN/IOBOK 
qudpysueH HocuTeneh ToKa elle Wuddpy3Hn WH peKOMONHAILMN 9/ICKTPOHHO-JbI- 
POUHbIX Nap, KOTOPble MOryT HIpaTb 3HAYHTeEMbHYIO POJIb B OOMACTH COOCTBeH- 
HOH MpOBOAMMOCTH Tesypa. OO STOM CBUeTeILCTBYeT KPHBaA puc. 3, KOTO- 
pad MOKa3bIBaeT, YTO BeIMYHHA OTKJIOHCHHA oxen OT Ag MOMYHHACTCH COOT- 
Howennio J{aBpiqopa — ImyurKesuya (?,°). 


Jjarectanckul dbuanas Tloctynuso 
Axkaylemuu HayK CCCP 28 VIII 1958 
IWMTHMPOBAHHAA JIMTEPATYPA 


1X.WU. AMupxanos, I. B. Bargyes, H.A. Kaxaaes, JAH, 117, M6 
935 (1957). oy 5. UW. Tasugos, HW. M. WmymxKesuy, Yen. ous. HayK, 24, Bi all 
a ios) A.B. Hodge, A. ® Uowde, Has. AH CCCP, cep. cu3., 20, Ne 1, 
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JToruayn Akagemun nayrx CCCP 
1959. Tom 124, Ne 3 


PHSHKA 


b. H. BEPKHH u HW. M. AMATPEHKO 


3ABMCMMOCTb OCHOBHbIX XAPAKTEPUCTHK 9®EKTA 
JE XAA3A — BAH AJIb®EHA Y KPHCTAJWJIOB WHHKA 
OT JABJIEHHA 


(ITpedcmaeaeno axademuxom II. JI. Kanuyeti 10 X 1958) ‘i 


lisBecTHO, UTO BCECTOPOHHEEe CKAaTHE KPHCTAJJIOB BUCMyTa HM WMHKa JaBwe- 
uuem p~1750 xKI/cm” npHBOANT K 3HAYHTebHOMY M3MeHEHHIO MepHosoB (nH aM- 
MJIMTY A) OCUMJIIAIMH UX MarHuTHOH BOCIPHMMYHBOCTH MPH HU3KHX Temnepa- 
Typax; OCOOeHHO 3HauNTeIbHEI (40 50%) 9TH U3MeHeEHUA Y KPUCTAJJIOB WHHKa 
(-*). B mocneqHee BpeMa OblIO yCTaHOBJeHO TakxKe BJIMAHHe BCeCTOPpOHHEro 
@KaTHA aBleHuem p~1750 kI/cm? Ha napameTpbl aABJeHHA fe Xaa3a — BaH 
AnpdeHa w y KpucTasmoB Gepnaiua u omoBa. 

BpicoKaHh UYBCTBATeIbHOCTh Me€pHOROB OCIMJIAWHH BOCMPHuMUMBOCTH, a 
SHAT HW psa OCOOeHHOCTeH SHEPreTHYeCKOFO CHeKTPa WICKTPOHOB B yKa3aH- 
HbIX MeTaJJIaX K MaJIbIM YIPyruM JepopMalluAM pelieTKU OGycIOBeHa COXK- 
HOCTbIO SHEpreTu4ecKOrO CNeKTPa IIEKTPOHOB — HaJIMUMeM Y S3THX MeTAaJIJIOB 
HECKOJIBKUX, CHJIbHO OTJIM4AIOULMXCA MO YMCJICHHOCTH, FpyNN IIeKTPOHOB Cc 
PasHbIMH 3aKOHaMH Mucnepcuu. YKa3aHHaw BbICOKaA UYBCTBUTEJIbHOCTh SABJIC- 
HUA We Xaa3a —BaH AupceHa K MaJIbIM yMpyruM JepopMalluam TeopernyeckH 
HCTOKOBaHa B paOote A. M. Kocepuya (*), rye kKOmM4eCTBeEHHO paccmoTpeH 
TakKe H BOMpoc O BJIHAHMM pa3JIMYHOrO BHELIHEerO AaBJICHHA Ha BOCIpHuMyUn- 
BOCTb B MIOCTOAHHOM M@rHHTHOM Move. 

JjaHHan paOoTa MocBalleHa IKCMePHMeHTaIbHOMY MCCJIeELOBaHHIO MarHuT- 
HbIX CBOHCTB KPHCTAaJJIOB WHHKa Mp HA38KHX TeMMepaTypax B MOCTOAHHOM Movie 
M Tp Ppa3HbIX 3HAYe€HMAX aBJIeHHA. 

Merox vcceqOBaHHA aHM3OTPONHH MarHHTHbIX CBOHCTB KPHCTaJWIOB IlHH- 
<a I1O-IIpexKHeMy COCTOAJ B U3MepeHHU Mapbl CuI, WeHcCTBylOuleH Ha STOT KpH- 
‘Tal, PaCMOJIO*KeHHbIM BHYTPH H3OTPONHOM B MarHHTHOM OTHOLWeHHH OomGou- 
<M BbICOKOrO JaBJIeCHHA, MOABeELWIEHHOH Ha TOHKOH ypyroH HUTH U NOMelLeHHOH 
3 OMHOPOAHOe MarHuTHoe Mose ('7%). 

UccneqoBpaHusl M@PHUTHBbIX CBOMCTB KPHCTa/IJIOB WHHKa MpOBeeHbI MpH 
emnepatypax 4,2; 14u20°K B uuTepBase JaBeHult O< p< 1750 kI/cm? u nonet 
TI <20 000 spcr. MakcumasbHoe JaBieHve B OoMOe CO3qaBaOCb 3aMep3aBleli 
$ TOCTOAHHOM OObeme Boson (°); Wid NOJYYCHHA MeCHbIUMX WaBJIeEHHH UCMOIb- 
OBAIMCb BOJHbIe pacTBopbl sTHIOBoro cnupta (°). JlaBneHue B 6omOouKe u3- 
feHANOCb Yepe3 250 KI /cm?. 

Bpwio ucceqoBanHo Ba KPHCTasa WHHKa, OPHCHTHPOBaHHbIX B MmpuOope 
ak, UTO OMHApPHasw OCb KpUCTaa COBNaasla C OCbIO MOsBeca ero Com6ouKn, 
_TulaBHasd KpuCTaslmorpaduyeckad OCb pacnOsarasacb B TOPH30HTaJIbHOU M10- 
KOCTH, OOpa3yA pa3ziuuHple yrabt 8 c BekTopoM nossa. Tipu KaxomM 3HayeHuH 
aBJleHusA B OoMOOUKe JIA WByX 3Hauenuit 8 (20 un 75°) u3Mepsuacb 3aBHCHMOCTh 
ly = ¥3 — ¥1 OT HANPAXKEeHHOCTH NOMA HW ONPeCMAICH NEPHON OCUMIJIAUMH BOC- 
PHUMUHBOCTH. 

Pe3ysbTaTbl MpOBeeHHbIX NCCeMOBaHU U30OpaxKeHbI Ha puc. 1, rae no ocn 
PAuHaT OTMOXRKeHa BeEMUMHA MepwoOa OCIMAWMH BOCNPHHMYHMBOCTH, a M0 
eu adcllucc —laBmeHue B 6omMOouKe, OOecneunBalollee BCeECTOPOHHEee CxKaTHE 
puctaia. 5 

Kak OKa3a0Cb, 3ABMCHMOCTb MepHOfa OCIMJIAWHH BOCNPHHMYMBOCTH OT 
ABJICHUA HMeeT BeCbMa CJIOXKHbIM MepHOAMYeCKHH XapakTep, MPHYeM XO KPH- 
bIX, a TaK>Ke OTHOCHTeJIbHbIe H3MepeHHA NepHofla C AAaBJICHEM IIpakTHYCCKH 


IMHAKOBbI WIA OGOuX 3HaueHHit 4. 
Bay 


Kak  Cie0Ban0 omKusaT» (*, *, 7), AHH3O0TPOMMA MarHUTHbIX CBOMCTB KDPH- 
cTauWIOB IMHKa oclMupyer c JaBiennem npn H = const, ofHaKko ator adext 
BeCbMa CHJIbHO OCJIOXKHEH M€PHOAMYECKOH 3ABUCHMOCTHIO NepwOa OT MaBJeHHs. 
YkaxKeM TakxKe, UTO HE TObKO MepHO, HO HM aMIVINTYa OCWMIJAWMM 3aBHCAT 

OT JaBJIGHHA HEMOHOTOHHO. 

7-104 gpem™! Tlepwog, ocivaiawai MarHnt- 
HOH BOCIPHUMUNBOCTH CBOOOJHBIX 
KPHCTaJJIOB WHHKa He H3MeHAeTCA 
c TemnmepaTypoHh B MHHTepBase 
T<25°K. IIpu Oonee sBbicoKux 
TemuepaTypax nepHoyq HaunHaeT 
3aBuceTb oT T (8°), u 3TO OOcTOR- 
TeJIbCTBO, BEPpOATHO, CBA3AHO ¢ 
ocula6eHHeM HepaBeHcTB kT<E, 
u pH < Eo(°). 

IIpeqctaBaocb  CYyLLeCTBeH- 
HbIM TIpOBecTH HCCJIeAOBAaHHA 96p- 
tbexta fe Xaa3a —BaH Aspcena 
of ‘00 7000 1500 ki Jem? y BC€ECTOPOHHE C#KATHIX KPHCTAJIVIOE 

p IPH paSHbIxX TeMnepatypax. Takue 


: ' W3MepeHHa H ObIIM MpOBeeHb 
Pref, panacencen mepmone, ceusazad neo: pal p = 1000 xen! nenmegy 
nannenus; T= 4,2°K. 1—6= 20°; 2—6=75. TYPax 4,2; 14 n 20,4 K, a 
a—xpuctan Zn-8; 6 — kpuctana Zn-9 JIOCb, YTO Y KPHCTallJia WHHKé 
MepHol OCWMIIAWHH MarHuTHOH 

BOCIPHMMUNBOCTH 3aBHCHT OT TeMMepaTYPbI, BECbMa 3HAUMTeIbHO (Ha JecstT: 
KM IIPOMeHTOB) yBeJIMUHBaACb C PpOcTOM TeMMepaTypbI B yKa3aHHOM HHTepBa: 
ue. B o6sacTH BOAOpOAHBIX TeMMepaTyp aMMINTya OCIMIVIAUHH He H3Me 
HAeTCA NOM WaBsIeHHeM. | 

Urak, mpopeyeHHble HCcIeqOBaHHA MPHBeIH K YCTAHOBJIeCHHIO JBYX HOBBI) 
oco6eHHocTeli acbexta We Xaasa — BaH Aupcena: 

1. [lepuog ocusAHi BOCIPHUMUNBOCTH WHHKa 3aBHCHT OT WaBJIEHHA MepHo 
7MuecKH. 

2. B To BpeMA Kak y CBOOOAHBIX KPHCTAaIJOB WHHKa npn T<20,4°K nepuo, 
He H3MeHAeTCA C TeMMepaTypOH, MepHOA OCIA BOCNPHHMYHBOCTH KPE 
cTaylma, cxKaToro JaBsenuem 1000 kI/cm?, 3HauHTeIbHO BO3pacTaeT C YBeJINY 
HHe€M TeMMepaTypbl B TOM Ke HHTepBasle. 

OG6e 9TH OCOGeHHOCTH He MOryT ObITb OODACHEHBI CYMLECTBYIOMeH Teopue! 
ABJICHHA Je Xaaza —BaH AsbdeHa, B OCHOBe KOTOPOM KAT CHJIbHbIe Hep 
BencTBa kT<E) u pH<E . Bo3MOxXKHO, UTO MOMyYeHHbIe SKCHeCPHMeHTAJIbHbI 
JaHHble MOryT HalitH OObaACcHeHHe pH yueTe ocma6eHHA STHX HepaBeHCT 
BbISBaHHOrO YMCHbILeHHM Ey NON WaBJIeHHeM, a TAKKe IPH yyeTe MepHomMyeCcKO 
3aBMCHMOCTH XHMHUCCKOFO MOTeHWMaa IICKTPOHOB OT aBJeHHS. 

Tlonp3yemcsa cilyuaeM BbIPasHTb GsarogapHocTh A. M. Kocepuyy 3a o6¢c 
*KICHHE Pe3yJIbTATOB HCCIEOBaHUsA. 


@Mu3ukO-TEXHMYeECKHM MHCTHTYT Tloctynuso 
Akajemun HaykK YCCP 23 VII 1958 
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PHZSHKA 


T'YAHb JIMH-XYA 
| AM®PAKUUNA MOBEPXHOCTHbIX 3BYKOBbIX BOJIH 
HA TOJTYBECKOHEYUHbIX AUMMEJAHCHbIX TPYBE HW CTEP)KHE 


(ITpedcmaenexno axademuxom H. H. Andpeeceoim 28 1X 1958) 


Iapoxo npumensemple B payMOTeXHHKe WHJIMHApuyeckne u3/yyaTemM m0- 
PXHOCTHBIX BOJIH HMEIOT OCTPylO HalipaBJICHHOCTbh pH HeOObUIMX MOMepeu- 
IX pagmMepax M CPpaBHHTeJIbHO MIpocToH KoOHNcTpyKWuu. Takoro Tuna u3sy4a- 
JM MOryT ObITb HPUMeHEHE! u B akycTuKe ('), OMHaAKO HX CTporad TeopuaA NOKa 
le He paspaOoraHa. B JaHHOH paOote meroyqom Bunepa — Xonda avo crpo-. 
e pelienue saqauu oO AudpakilMu NMOBepXHOCTHHIX BOJH Ha KOHLe MomyOec- 
MHeUHOH uMMeaHcHOH TpyOnl. Jia pemeHuaA %*e 3afaun oO WudpakiHH NoBepx- 
ICTHOH BOJIHbI Ha HMMeaHCHOM CTepxKHe MoyueHa GeckKOHeuHaNA cucTema aure- 
lAMYECKUX YPaBHeHHH, KOTOPaA MOKeT OBIT paspellieHa MeTOAOM MocuIe-. 
IBATEIDHBIX MpvOsMxKeHHH. 

Peumm cHayana 3afqauy fia TpyObnr. BBegem wWnaMHApuueckyio cucTemy. 
OpAMHaT 7, Z M OyeM CUNTaTb, YTO TOHKAA CTeHKa TpyObl HAXOMHTCA MpH. 
=a, z>>0, umneaHcbl Ha BHYTPeHHeH MW HapyXKHOM CTOPOHaX ee OTIHMUAIOTCA 
IbKO 3HaKOM. BpemeHHolt MHoxmuTeIb €'°! GOyem BCIowy OnycKaTb. Torsa, 
TEHIWMa cKOpocTu P OMKeH YOBJIETBOPATb BOJIHOBOMy ypaBHeHHI0 


1 0/00) , a 
7 Or G oe SO (1), 


TpaHHUHbIM yCJIOBHAM 


G4 oD =0 npr a, 25s 0), (2) 


(€ G — NMOJIOX%KUTeJIbHOe BEILECTBEHHOe UNCJIO, XApAaKTepH3yr1oulee, YUCTO peaKTHB- 
IH uMneyaHc. CunTaeM, 4TO cpefla WMeeT HeKOTOpOe MOrvIOMeHue, YTO CO- 
BerctByer Im k > 0; B oKoHYaTeJIbHBIX (PopMyax Mepeliem kK Npefesty Imk = 0. 

IlycTb cnpaBa (B HalpaBJIeHHH OTPHILaTeJIbHBIX Z) HaOeraeT MOBepXHOCTHaH 
THA 


a2 Ho (qr) —ihz 
Dae AEGe Ca a > (1 (3), 


eg =V k? — A? —nonoxkuTesbHad MHHMas BeJIMUMHA, OMpesesneMasd rpaHHuHbIM 
1 
-moBHeM (2); Ho GH=Ay Gn —(pyHkyua XaHkKewaA MepBoro pola. 
Pemenne umeTca B BUe CyMMbI HaOeralollel MOBepXHOCTHOH BOJIHBI (3) 
HHTerpaiia 


swe | Jo(0r) [04M (0a) + cao (A) py ai, (4) 


M(r, z apes é : 
ie) 7 \ Hp (ur) [vad (va) + sad, (va)] 

ie F (w) —byxukuna, nojuerkalad onpeeseHuio, HU = Ve—w?, Inv>0. 
(burypHol cKOOKe BepxHIOIO CTpOUKy CuJlefyeT OpaTb MpH 7 <a, a HUXKHIOIO 


mf > .0. 
Tloycrapaaa Bbipaxkenue (4) B YyCJIOBHA HelpepbIBHOCTH NOIHOrO MOJIA HM ero 


ONSBONHOH mo r pH r=a, z<0 u rpannunple ycsosua (2) mp z> 0, 
559, 


nowyyaeM COOTBETCTBEHHO HHTerpaJIbHble ypaBHeHHA 
oo 
\ e!2F (w) dw = — Ae—*? mpu z<0, 


—o 
foo} 


\ ey (w) F(w)dw=0 mpu z>0, 


— 


rye dyHkunA 


Eo) = -- [vaJ (va) + caJy (va)] [vaH, (va) + caHy (va)] ( 
peryJispHa HM He uMeeT HyJleH B mosioce — kj <Imw < Ry (Ro << Imh) u cr 
MHTCA K eJMHMMe paBHOMepHO, eciiH |w|—> co B 3TOH mosoce. 

Onpeyenenue cbyHKunu F (w) u3 ypaBHeHuii (0) u (6) cBoquTCA cormacnold 
vin (3) K pasOveHmio cbyHkunn Y'(w) wa MHomKuTemM $,(W) UH b,(wW) Tak 
uTO (pyHKHHA Y, (W) peryJiapHa HM He uMeeT Hye mpu Imw >—kpy, a pynK 
by (w) o6manaer Tem 2Ke CBOlicTBamu mpx _ Imw<fo, npHuem 


$1 (W) = $2 (—2®). (@ 
Cnenya (°), qua cdyaKuni dy x HW d,(W) MOyyaeM BbIpaxkeHHA 
d; (w) = bias [vaH (va) + caH, (va)] [val (va) + 


h+w wot w\'l2 ayy | 
of oad y (va)] 5 Tie; wt re e/2M ee) (g 


2 (@) = {a [oaHs (va) + 20 (va)] [oad (va) + 


h— _ I aos 
+ 20f9(00) fee Ue Ht, ac 
ae Wy a 
Qu fm Q (2) — Q (m1) (v) d i 
Mw=2{> | —Jw o+(8 ts (1 
M=1 Wy 14 ka 
(pYHKILMA 


; i: No (va) + oN. (va) 
Q (v) = arg [oH (va vy (va = =arct SNe Oe ae 
(va) + 0H (va)} + >) cig oie neta or 5 (2 


€CTb HelipepbIBHaa (pyHKIMA apryMeHTa, YOBJeTBOPAIONLaA yCJIOBHIO 


Q (Um) = mr; (13 


=VR—v?; v, ectb m-ii Koperb ypaBHennsa | 
vJ (va) + oJy (va) = 0. (14 


Suaa $1 (Ww) u (Ww), MoxHO HancaTb pellienue ypaBHeHHit (5) wu (6) B Buy 


A Vk +A Wh) | 
F SU) de 
) = Bal Go VE wae) F 


Togqcrapaast Bipaxenne (15) B dopmysy (4), momyyaem crporoe pewexne 
c(popMyJIMpoBaHHOH BbIIe 3aaun, 
[lone BHyTpu Tpy Obl BbIUHCIAeM, TePopMupys HaBepx nyTb HHTerpHpoBanus 


B (4) qi BepXHeli cTpouKu B bury pHoii CKOOKe HM CBOJA MHTerpa K CyMMe 
BbIYCTOB: 


Jo(v Ps | itp? 


Di poe, ee ae MPU; Ges ee (16) 
560 


- Vk+o,01 (A) 
it = F eran ae s lias 
(Om ++ A) Ve aa WmYs (@m) 


| Suayenua (4) Ha OoubUIMX paccTosHUAXx oT TpyObl BBIMHCMM MeTOJOM 
ppeBasia. ; 

| Bsoqa nouspHbre Koopgunats! mo cbopmyam z—=Rcose, r—Rsin Y 
YUM 


ome . ikR 
@D ~ ra [Rk sin oJ (kasin ¢) + J (kasin ¢)] F (k cos ¢) oe + w, (1c) 


le 


FT (qr) — thz fod 
| Ho (qa) © Y GY OS) 6) Vp ig. 
Or =) —)) mph s—& >o> 6, (19 
Ho(Gr) n> 


jecb h=kcosE. 

Ecam yctpemutb Im & k Hy.0, TO MOxKHO MpecpasoBaTb M (uv) B copy, 
qoOnyio AWA BblunCceHHA (HHTerpam Jax ReM(u) nonumaetcs B cmBICHe 
iaBHoro 3HaueHHA pu |u| < k): 


ka n 
1 Q (v) dw wa + u 
ReM(iy)=— | E+ Din (20) 
Ty; me m 
2u SriBTES 
Im M (u) = — —Q (VY Ra? — uv? )+ 
N Wya 
ht Se | WA + U ileal Q (v) dw = 
rae \ » In OP 0 — T \ w—u | np Jul <k, (21) 
m=n+1 @ —w.a j 
Im M (u) = = + 
ae y WA + u 4 on Q (v) dw \ i, 99 
Bh ner 22 oF srrare (| Mes all a asc) 
—Wya 


le — UNCO BOJIH, PAacCMpocTpaHAIONIMXCA BHYTpH TpyObl Mp AaHHbIx ka u 
iz 

Cuyyaii yudpakuuu Ha crepxHe MOKHO MpeACTaBHTb Kak CyYIepmMosHIHto 
IBEPXHOCTHOM BOJIHI, PaclpOcTpaHAOMleicA BAOJIb HapyXXHOH CTOPOHbI TpyOnI, 
ACTHUHO 3aGeraiouleil BHYTPb, H MHOXKECTBA BOJIH, PaCIpOCTPpanAIOULMXCH BHYTPH 
VOI, MpeBpallaloulMXCA B pyrve BOJHbI Ha OTKPbITOM KOHILe TpyOp. Amm- 
ITYMbI ITAX BOJIH YOJPKHbI ObITh BbIOPaHbl TAKUM OOpasoM, YTOObI pe3YJIbTH- 
OULMH MOTeHUMa CKOpOCTH WIM erO NpousBOHaH NO Z PaBHsAJACb HYJO pH 
= 0, r<a, uTO CooTBeTcTByeT CayyaaM aOcoJIOTHO MAPKOrO WK aOcOJOTHO 
ECTKOFO TOPIOB. 

Cuatasa BbIYHCJIMM Tove, BO3HHKalolee B pesyJibTaTe AuppakUHH 1-1 HOp- 
\IbHOM BOJIHbI, HaGeratolleli Ha OTKPITbIi KOHelL TPYObl M3HYTPH. Tlyctb 


itaeT BOJIHA 


Jo (nt) tne ei eet eA 24 yore. (23) 


564 


Bakas 1223 


Ilo ananorun c jucppaktiveli Hapy2xxHOH MOBEPXHOCTHOH BOJIHbI MOI BHYT 
TpyObt Aa n- HaOeratoulen HOPMAaJIbHOM BOJIHbI BbIparKaeTCs (popMy 10K 


se WOn—) \ 
—1W pz id R 0 m ef? > TIpH r Zan (2. 
(2, 7 pay 171 aie (0 2) | 


{ Jo (pr) 
D, = An | To (0,4) 
rye Ram ompesednetca (bopmMy son 


eV Ee (2. 


Ram 


Ila cayuas c aOcomOTHO xKeCTKHM TOpIlOM MoTpeOyem, YTOOBI 


co 


(ole) aM 
1 n = ey ical Ze ») 
3 (GE ao — CF acy BPE ( 


= 


rye dyukuua © onpesenaerca opMyso (16). Torya moumyuaem OecKoHeuHy: 
cHcTeMy avireOpavuecKHX ypaBHeHHii OTHOCHTeIbHO Ap: 


Pieaey egees Dal eR eae (2 


m=0 


KOTOpasd MOXKeT ObITb paspellieHa METOJOM TMOCeJOBATeJbHbIX MpHOJIMKeHHI 
Jlaa mepporo npH6smKenua Gepem Ay = AR) + ApRoo. aa Broporo npwoOm 
mwKeHHa Gepem Ay = ARy + ApRoo + AiRio, Ar = ARi + AoRor + Ariki UT. J 

J[na TOHKOrO CTepxKHA TakOH MeTOA JaeT XOPOWIMH pesyJbTaT yxe 
HECKOJIBKUX Te€pBbIX NpHOsMxKeHuAX. B camom jlesie, B 3TOM cuJyyae ka u oc 
MOryT ObITb TaKHMH, 4UTO B TpyOe HH OfHa HOPMAJIbHad BOJHA HE MOKET pat 
MpOCTpaHATbCA; TOra CKOPOCTb BHYTPH TpyOb! ObicTpo MajlaeT K HYJO TO Me 
yasieHua OT KOHIa TpyObl, H (PUsHUeCKad KapTHHa CYULeECTBeEHHO He OTIMUAeTC 
OT CTepo%KHA C TBEPAbIM TOPILOM. | 

Hi3oxeHHbIH MeTO MOX%KHO IPHMCHHTb HW JIA 3JICKTpOMarHATHOTO cCJIy4das 
JIA CHMMeTPHUHOM SuIeKTPHYCCKOM BOJIHbI BMCCTO MOTeHIMaJla CKOpocTH Gye 
(pPurypupoBaTb MpOAOMbHbI SeKTpHuecKHH BeKTop Tepua Buya IT, = II (r) e—™ 
a [ist CHMM€TPHYHOH MarHHTHOM BOJHI NpOAOMbHbIi MarHHTHBIit BeKTOp [epi 
Buna ls (7) em | 

B sakslovenve BbIpaxKalo OularoqapHOcTb MOeMY PpYKOBOJUTeIO UdJ.-KOp] 
AH CCCP JI. M. Bpexopckux 3a WeHHbIe COBeTHI H YKa3aHHA TPH BBINOJIHeHK 
aHHok padoTsi. 


Tlocrynmuso 
22 IX 1958 
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PHSHKA 


MW. ©. KECAEB 


YBEJIMNEHME YCTOMYUMBOCTH AYFH B MAPHHTHOM NOWE 
M MPMHUMT MAKCHMYMA MOJIA 


(ITpedcmaéaeno axademuxom JI. A. Apyumceuuem 9 X 1958) 


€§.B paGore apropa (') Ha mpuMepe Ayru co pryTHBIM KaTogOM Obi paccmotpeH 
i ne ABJICHHH BHYTPeHHeH HeyCTOHYMBOCTH MeTAaJIMYeCKUX Jyr, 3aBUCHIeli OT 
JOMCTB KaTOAHOrO NATHA Ha XOJOMHbIX KaTOax. JIA NOHHMaHUA MpUpoLy! 
OM HeyCTOMYMBOCTH M ee PON B NOBEACHHM KAaTOAHOFO MATHA HMeIOT CyulecT- 
PHHOe 3HayeHHe JaHHble OO H3MeHECHHU YCTOHYMBOCTH [yr B 3aBHCHMOCTH OT 
ItYTpeCHHMX YCJIOBHM pa3spsfla, cooOilaemble B HacTORIel CcTaTLe. 
) K uncay HanOoulee OUeBHAHBIX MposBJeHMH HeycTowuuBocTH Ayr OTHOCST- 
} €€ CAMOMPOW3BOJIbHbIe NOracaHHA, MOSBONAIOULMe BBECTH MOHATHE CpeAHeli 
HOMOMKUTeIbHOCTH CYWIECTBOBaHHA Jyru 
( Ory BeMUMHY eCTeCTBeHHO U30paTb B 
“4eCTBe Mepbl YCTOHYMBOCTH Ayr upK 
(@NOBHAX OnbiTa. B onucblIBaeMol paGboTte 
|HHM H3 MeTOMOB BOSAeCHCTBHA Ha yry 
| Y2KWJIO HaOXKeHHe MPOMOJbHOLO MarHuT- : 
pro moma. Takoi THM noma OKasbiBaerT rele meee 
[IHHMaJIbHOe BJIMAHHeE Ha JIBHXKeCHHE Ka- <= 
Horo NTHA H Ha Mepenayy HanpsKe- 
ji B paspsaye, BceACTBHe 4Yero mpoHn3- 
)MMMbIe MOJIeM M3Me€HeCHHA HOCAT cpaB- 
‘ITENIbHO IpoctoH xXapaktTep. Ounu moryt 
jITb CBCJCHbI K HCKa2KeHHIO TPaeKTOPHH Fuc. 1. Ycrpolicrso skcnepumentaa- 
| CKTPOHOB WYK YMeHbIUEHHIO MX one- Hou TpyOKu nese pacnoJlo7*KeHHe 
buHOl pudby3suu Kak nNHTerpasbHOMy M@KLY MouOCcaMH 9ueKTpoMarHHTa 
P3ybTaTy 9THX uCKaxKeHui. B.samsKoro 
$3YJIbTaATA MOXKHO ObIIO ORKUMATb OT WOOABJICHHA HHEPTHOTO Ta3a C ocTaTou- 
) BBICOKHM NOTCHIHAJIOM HOHH3AHH, B CBA3H C YeEM MpescTaBAIO MHTepec 
\ABHEHHE BIMAHWM MOA u rasa. 
_ ipequasHauenHas Jia ombiroB TpyOKa (cM. puc. 1) c pryTHbIM KaTOZOM / 
TWIOCKMM aHOJOM 2 MOMElllaslacb MexKAy mowocamMH 9eKTpoMarHnta 6, 7, 
focoOHOro CcosaBaTb OFHOPOsHoe MONE C HanpsxeHHOcTHIO Ao 104 spcr. B 
(HOM u3 TpyOoK paccTosHue d MexkK)ly d1eKTpOJaMmn cocTaBIAIO OKONO 0,3 cM, 
Apyrot d Opiio yBenuyexo Jo 2 cm. B nepBom cilyuae yCOBMA OnbITa MpHOwH- 
alMCb K YCJIOBHAM KOPOTKOM JYyru, MOBeZeHHE KOTOPOH ONpefeAeTCA CBOH- 
‘BaMu KaTOAHOro nstTHa. Jlyra BO3OyxKalaCcb C NOMOLLbIO MOY MPpOBOLHHKOBO- 
) 8axkuraTeA 3 MMNYJIbCaMM HalnpAXKeHHA LJIMTebHOCTbIO NOpAAKa 10~° CEK; 
HO u Hue Katona 4, 5 ObIM M3FOTOBNeHbI M3 HeMarHHTHOM Crain, 
laroflapa YeMy UCKIOUAIOCh HCKaxKeHHe MONA H OOeCNeYMBaICA XOPOWIMH Ter 
JOOMEH MEXKILY PTYTbIO M WHPKYJIMPOBaBLUeH B MOMOCTH KaTO/la BORO C 3aflaH- 
1 TemnepaTypow 20°. McrounvkoM HalpsxKeHHA CyKUa AKKYMYJATOPHAA 
Taped OOMbUIOM eMKOCTH, a H3MeHeHHe TOKA MPOW3BOAMOCb C MOMOLLbIO 
SbIHYKILMOHHbIX COMPOTHBJICHHH. : 

C werb1o u3smMepenua > OblWia Co3qaHa 9eKTPOHHAA CXeMa, ACHCTBOBAaBIIAA 
1 TIPHHWMNe HaAKOMIeHHA 3apsAa M COCTOABIIAA M3 Tpex 610KOB. OMH U3 HUX 
KH Did u3MepeHHA UHTepBasOB BpeMeHH 9; OT MOMeHTA BO3Oy2>KCHH A 


TH WU JO CNOHTAHHOTO MoracaHHA, a TAK2KE BbINOJHAJ ABTOMATHYUCCKH CYMMH- 
n 


2 
3 
A 
8 
ae 


BaHHe HEOOXOJUMOTO KOJHYeCTBaA OTCUCTOB > %;. O6ulee YHCIO OTCYUCTOB 
i=1 
5* 063 


B KaxkJoli cepHu u3MepeHHii PuKCHPOBaJIOCb CUCTYUHKOM SJICEKTPHYeCKHX Ul 
nyapeos. Baugxy craTucTuyeckoro xXapakTepa pacnpeqeeHuA Be 
i 

HIOCb Ha OCHOBAaHHH 500 orcyeTOB Kak n Yy Vi. 

t=1 

Tlo1yvueHHple TaKHM IIyTeM JaHHbIe cJlefOBasIO OTHOCHTb K CPeqHuM 3HaueH 


aM ToKa J, OnpesleIABUIMMCA IIA KaxkOll cepuu OTCYeTOB C MOMONLbIO BY 
OCTAJIbHbIX OJIOKOB cXH 


ot Mbl KaK OTHOMIEHHE Ip} 

mequiero yepes tTpy6 | 
/ gapawa K NOJHOK Ap 
p TEJIbHOCTH TOKAa. | 


Pe3yJIbTaTbl U3Mep 
Hu } B 3aBHCHMOC 
ot J qa KOpOTKOH J 
ru (d = 0,3cm) ora 


cpeqHee 3HayeHHe  BbIBO 


i —| so KeHBI «Ha | pHC. yz 
moulyslorapud Muyeckd 
MacilTa6e. 


CemelicTBO CIOL 
HbIX KPHBBbIX oTHocH} 
CA K UMCTO PTYTHO ‘ 
paspsay, NMOABeprH | 
TOMY {e@HCTBHIO Mal} 
2 a HHTHOPO MOA. 
jj = IlyHkTHpHBIMH Kp} 

; i . BbIMH = pe CTaBJIeH 
Puc. 2 Pe3ymbTaTb! H3MepeHHii CpeAHeH MNpOXOMKUTeJIbHOCTH pe3YAbTaTbI H3MepeHH 


*KHSHH fyrd. 1—H=0; 2—H =450 apcr.; 3 —H = 1000 9. | 
apet.; 4— H = 2070 apcer.; 5—H=3970 _ aspcet.; 6—H = B. OTCYTCIBHE Gy 
= 5500 aper.; 7—H=7250 opct.; 1'—py, = 1 mm; HO pu oOaBuieH}} 

2’ — py, = 6 MM; 3’ — py, = 20 wu pasJIM4HBIX nopunh 


O6uuM IA 607 


INHHCTBA KPHBbIX Sf 
JiseTCA TO, 4YTO OHH COCTOAT H3 JBYX MPAMOJIMHEHHBIX yuacTKOB, CBHeTeI| 


CTBYFOINHX O CYILECTBOBAHHH 3aBHMCHMOCTH SKCNOHEHIMaNbHOrTO TUNA 
mu I 
= Doe” ? ( 


re 3) H Y MPHHUMAIOT Pa3sJIHUHble 3HAYeHHA JIA HYD>KHerO Hu Bepxuero yuac 
KOB KPHBBIX. B mpefeaxX HWKHErO yUaCTKa pesybTaTH H3MepeHuii MOryT Obr' 
MpeACTaBJIeHbl 3HaYCHHAMH MOCTOAHHbIX 


9o= 63-10% cex., = (4,5-+4.1,17H2) a2, ( 


ipuyem H JoukKHa ObITh BbIparkeHa B KuOapcTeqax. B npegenax BepXHe 
yuacTKa 3aBHcuMocTb or fH HocuT Oonee CIOKHBI XapaKTep, BCNeAcTBHe 4el 
BO3MOKHO BHIPASHTb aHauTHYecKH 9 B yHKUHH J AMUIb AIA OTTCIbHEIX KD! 
BBIX. 

B taOa. 1 npupeyzeHbl 3HayeHHA MOCTOAHHBIX cbopmyupt (1) qa Bepxue 
yuacTKa KPMBbIX IIPHMCHHTeIbHO K JBYM KDpaliHHM ciyuaiM — orcyTCTBI 
NOAA HW HanOolee CHIbHOrO HOA IpH ABYX H36paHHEIX sHaueHnax d. 


Ta6nuna 4 


d=0,3 cm d=2 cm 
H=0 | H=7250 apcr. H=0 | H=7695 sper. 
Bo, Cek 4 ,42-10-4 142-4058 3,89-410-4 O -10-4 
van} 2,86 10,9 201 ee 


| Kak noka3pIBaioT MpHBeseHHble LaHHbIe, 9 MOHOTOHHO 1 pe3KO yBeJIMUMBaeTCA 
(POCTOM TOKa HM Hallps2KeHHOCTH NOJIA. CremeHb BIMAHUA MOA HariAHO Hd- 
/OCTPUPyIoT cuenyioulMe Wudppl. B ycmoBuax KOpoTKo Ayru HanowKeHne noma 
f HallpaAxeHHOCTHIO NO 7250 spcr. npu ToKe B | a npHBogUT K yBeaMueHHIO 9 
pulee UeM B 2-10* pas, a mp ToKe B 2 a nO BAMAHMeM Toro xe Noma yBeJIH- 
jiBaetca ye B 1-108. IIpn yBenuuenun mab Ayru BAMAHMe MOA cCraHOBHTCH 
jue Oomee peskum. IpegcraBaser MHTepec TO OOCTOATEMLCTBO, YTO WOOaBe- 
vie HHEPTHOPO [asa IIPHBOAUT TakxKe K yBeIMYeHHIO 9, HO B 9TOM CJlyuae (popma 
)PHBLIX OKa3bIBaeTCH 3aMeCTHO H3MCHEHHOI. 

_ Hecmorpst Ha cylecrBoBaHHe NepesioMa Ha KPHBBIX, IIPHBeAeHHEIe LaHHbIe 
#9SBOJIAIOT PaCCMATPUBATH 9KCHOHECHIUMAIbHYIO 3aBHCUMOCTh > or J Kak OOULYI0 
PHUCHIMIO AYrOBOrO paspxAa, YTO MOATBepxAaeTcA WaHHbIMU IIpeKHUX U3Me- 
jenui (*-*). Crenyer noguepKuyTb, To 9TH AaHHbie XapaKTepH3ylOT TOBe- 
j2HHe CaMOro KaTOAHOFO MATHA, NOCKOIbKY NOracaHus YH ABJIAIOTCA Pe3yVb- 
#aTOM He€yCTOMYHBOCTH HMCHHO 3TOH YacTH paspaya. Kak Obli0 ycraHOB.JeHO 
jjaHee (*), B TeyeHHe CBOErO CyMeCTBOBaHUA MATHO NPOXOAUT Yepes PAL KpH- 
AYCCKUX COCTOAHMM, KaxkOe M3 KOTOPbIX MOKeT 3aBepmiuTECA sH6O Noraca- 
‘MeM [lyrH, M60 ee BoccTaHoBeHveM. BBuyy sToro yMecTHO BBeCTH NOHATHE 
| epoxTHOCTH noracanua pyrnu P (J, H), ompeqenus ee Kak OTHOWEeHHEe UacTOTHI 
joracaHul K YacToTe KpuTuuecKUx cocTosHHH. Ecam Ad npegcrapaser cper- 
iM MHTepBall Mey KpHTuYeckuMU cocTosHuaMn, TO P (J, H) = Ad/%, or- 
jyfa BbireKaeT COOTHOUeHHe 


Be 1 Gd Vee, errs (3) 


IlpH yMeHbuieHuu ToKa Jo Hyaa P (J, H) nomKuHa crpemutpes K 1, Beney- 
|TBue yero BeHUHHbI A Dd HH Yo MOK! ObITh TOARMECTBEHHO PaBHbI. Orcroja 
WNeLyeT, YTO Yo MpeACTAaBIAeT COOOH ANHTeCIbHOCTh HOPMAJIbHOrO 2%KU3HEHHOIO 


| 


Ka KaTOJHOrO MATHA M@XK]Ly JBYMA ToCeOBAaTebHbIMH KPHTHYeCKHMMH 
hocTOAHHAMH. Y2Ke caMa PopMa 3aBHCcHMOCTH (3) BHYWIaeT MbICJIb, YTO MOraca- 
{de MATHA Mpu KaKOM-sIHOO TOKe J ABJIAeCTCA CJIOXKHbIM COObITHEM, CKa]bIBa- 
OULMMCA U3 He3aBHCHMbIX COObITHH NoracaHHA MHOFHX JJICMCHTaPHbIX MATeH 
JIM O4AFOB 2MHCCHH, M3 KOTOPbIX COCTOMT KaTOHOe MATHO. JlevcTBUTeIbHO, 
PCH OOOSHAUHTh Yepes ip TOK, MPUXOMAMMHCA Ha SeMeHTapHoOe THO, TO [=Riy 
1 (3) mepenucprpaetca B cbopme P (J, H) = [e~-% ]*, nosBonstome untep- 
JIPeETHPOBaTb BbIPaxKeHNe B CKOOKAX KaK BePOATHOCTh ToracaHus SJIeMeHTap- 
ioro natHa, a P (J, H) — Kak BepOaATHOCTb OAHOBpeMeHHOrO roracaHua Rk He- 
3ABHCHMBbIX MATCH. OTO MOXKET CYKUTb OCOBACHCHHEM SKCHOHEHUMAIbHON 3a- 
3ucuMocTH & or J. 

 Tlpu o6bachenuu o6HapyxKeHHoro peskKoro yBeIMYeHNA > NOM BIMAHHEM n10- 
NA CueyeT UMeTb B BUY ABE MPMHUMNMAIbHO Pa3s/IMYHHIX CTOPOHb! Bo3sfeli- 
°TBUA NOA. OHA H3 HUX 3aKTIOUAeTCA B HCTHHHOM YBeJIMYeHHU yYCTOMYMBOCTH 
—ATHa B MarHHTHOM Moe. HecoMHeHHO, OfHaKO, UTO yBeMuUeHHe } B KaKOH-TO 
cTeMeHH CBA3AHO TakiKe Cc OOMerueHHeM ycvlOBUi BOCCTAaHOBeHHA AyrH B Mpu- 
cyTCTBHH noma. CraOususupylource LelicTBUE MPOMOMbHOLO MONA MOXKET CY2KUTH 
yKa3aHHeM Ha 9/IEKTPOAMHAMMYeCKyIO MPHpOAy HeyCTOHYMBOCTH MATHA OAHOFO 
M3 THIOB, IpHCyUMX Na3MeHHOMy WIHypy, CxKaTOMy COOCTBeHHbIM MarHHTHbIM 
noem (°). Takomy mpeqnonoxeHHIO, OMHaKO, IPOTHBOpeunT TO, TO aHasOrHy- 
Hoe JlelicTBue MOA HaOOJaeTCA Mpu OOOH ero OPHeHTAallMu NO OTHOLMIEHHIO 
K KaTogy. J[IA OG6OMX MEXAHHSMOB BIMAHHA MOA Pemlaloulee 3HAYeHHe LOIKHO 
MMeTb YMeHbuleHne udpy3un ObICTPbIX 9IEKTPOHOB H3 OOMAaCTH KATOAHOFO MAT- 
Ha, 4TO MOATBepxaeTcA (OpMOi 3aBUCHMOCTH ) OT FT B SMMMPHYCCKOM COOT- 
HomeHuu (2). ConocraBaa ero C H38BeCTHOH copMy,ION Tayucenya (°) aaa 
KosppuuneHTa monepewHo udpy3nu s/1eKTPOHOB Dy B MarHuTHOM Toe, 
BEPOATHOCTh NoracaHHA AyrH MOXKHO IpeCTaBHTb B cbopme 


—«al/D 
PU, H)=e""?#, (3a) 
MpuvyeM U3 2TOrO COMmocTaBJICHHA U3BJIeKacTCHA JONOJHUTeCJIbHO uApopMalua O 
TOM, UTO IIpHBeJeHHOe K HYVIIO JaBeHne Napa B oOlacTH KaTOJHOrO MATHA JLO- 
? 
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cruraet 15 mm. Ecau craOuuimsupyroulee qelicrBue rasa OOyCJIOBJIEHO TEM 
IpH4HHaMU, TO CJleyeT OMKUaTb SKBUBAIEHTHOTO JeHCTBUA MOJIA WM rasa O 
yCJIOBUM paBeHCTBa CpeAHero npoOera 9IeEKTPOHOB h MH CpeAHero phere 
paguyca R, KOTOPbIM NPpHHATO XapakTePH3OBaTb jlelicrBue moa. Takoro po 
cpaBHeHHe M0 JaHHbIM puc. 2 yOexkaeT B TOM, UTO BIMAHUE ra3a OKa3biBaer 
3HauHTeMbHO Oomee pe3sKHM. OOpacHeHHe STOFO MOCTAaBJIACT HaOsOWeHue cBe 
yeHHaA paspsaga. IIpu MaJibix TOKaX CBeYeHHe COJeprKUT BbIPaKCHHDIM TCMCBb 
CHeKTP, YKa3bIBalollu Ha MHTeCHCHBHOC BOSOYKTeHHE TeHA Mp NObeMax H 
Hps2KeCHHA, COOTBETCTBYIOWMMX KPHTHUCCKOMY COCTOAHHIO NATHA. Bo3s6yxeHH 
PeIMA, OYeBUAHO, SABJIS€TCA JOMOMHHTEIbHBIM HCTOUHHKOM HOHM3AallMH PTY 

Horo mapa. C yBesIM4eHHeM TOKa 9TOT MCXaHH3M cTaOHIM3alluH UrpaeT MeHbIIyi 
POvIb BCJICACTBUe YMCHbLICHHA HMIYJIbCOB HallpaXeHHA, B CBASH C YM Hak 

KPMBBIX pe3KO yMeHbINaeTCA. BecbMa MOKa3aTeJIbHO, UTO BKJIOYCHHE MarHHTHOT 
NOMA raCHT TeIMeBbILT CMEKTP H COMpPOBOAaeTCA PC3KHM yBeJIMYeHHEM a. Vke 
3aHHbIli OMIT CAYKHT yOeAMTEIbHON eMOHCTpaltueH CTaOMIMSHpPyIOUlero Ter 
CTBUH MOA. 

OnucaHHble B padoTe JaHHble MPMBOLAT K BHIBOLY, YTO OLHOK U3 nepBHUHBI 
NIPHUHH HeycTOMUMBOCTH YH ABIAeTCA PacceAHue 3apAOB HU CBASAHHOU 
HMMM SHeprun u3 OOsacTH KaTOAHOrO NATHAa. MarHuTHOe MOJIe PesKO yMeHbuL 
eT yKa3aHHble MOTepH, Ha YeM OCHOBHIBaeTCA ero CTaOuNMsHpyloulee MeHCTBU 
OueBuHO, UTO BaxKHAaT POJb B CPOPMUPOBAHHH AyrH u MOAMepxKaHuu KaTOAH 
rO NATHA JOuKHA ObITh OTBeEeHa COOCTBEHHOMY MOJO AYP, HallpAxeHHOCT 
KOTOPOrO BOIH3H FpaHHul MATHa Mocruraet 600 sper. nu Oonee. B oOmem caryya 
B IIpPHCYTCTBHUM CTOPOHHEFO MOJIA WoReeHHe MATHA JOJDKHO 3aBHCeTb OT CyMMa 
HOFO T1OJIA, pacnpeseseHue KOTOPOrO OyeT H3MCHATLCA C HSMEHCHHEM NOOK 
HHA HW POPMbI IMMCCHOHHON NoBepxuHoctTH. McxoqA us ipescraBJIeHHA O HelMpepbl 
HOM BO3HHKHOBeHHKM HM pacnasle 2MHCCHOHHbIX WeEHTPOB MH OOHAPy2KeHHOPO CT 
OuNMsUpyloulero elicTBUA TOA, MOMKHO CPOpMysMpOBaTb cweAyroulee OOuTeE 
MpaBulo, OMnpeyeimoulee MOBeeHHe KaTOAHOrO NATHA Ha XOJIOMHbIX KaTOfa® 
IpH HH3KUX JaBJIeHHAX: B TeveHHe KaxKOrO MOCTATOUHO MaJIOFO MPpOMeKYTK: 
BP€MeHH KaTOHOe MATHO IipeTepmeBaeT TaKHe H3MeHEHHA, B Pe3yJIbTaTe KOTOPBI: 
9MMCCHOHHAA NMOBEPXHOCTb JOJKHA 3aHATb OOMACTb KaTOJa C MAKCHMAaJIbHO# 
Hallps2KeCHHOCTbIO «CHCTBYIOWero» MFHOBeHHOTO pacipeweseHHA MarHHTHOr’ 
nous. Kak Oplio MOKasaHO SKCHePUMeHTaJbHO (7), MPHMeHeHHe aHHOrO Mpa’ 
BUla MO3BONAeT, B YaCTHOCTH, MpeCKa3aTb TPaeKTOPHIO KaTOHOTO MATHA | 
MIPOH3BOJIbBHOM CHJIbHOM T1Ovle, a TAKKe OODACHHTb HaGrOarouleecaA B3AaHMOTeH 
CTBHE OTJCIbHBIX YaCTeH MATHA Moce UX OTAeIeHHA Apyr or Apyra. Mcnomp 
3YA STO MpaBHJIO, J€TKO OObACHHTb OCHOBHbIC OCOGEHHOCTH CTPYKTYPbI MATHE 
M ero TCHJCHILMIO K HENpepbIBHOMY emeHH1O. Tak Kak OOlaCTb C MaKCHMaJIbHO! 
Halps2KEHHOCTHIO NMO/A OKasbIBaeTCA Bcerga y paHul, dbyHKUMOHHpyromlerc 
NsTHa, POPMa SMUCCHOHHOM MOBEPXHOCTH HeMpepbIBHO H3MeHseTca. Hanpa 
*KCHHOCTb B ICHTpe NATHA MHHMMAJIbHa, BCJIEACTBHe Yero 3TO H3MeHeHHe MpH- 
HAUMaeT MIperkye Bcero XapakTep AeeHHa nsatTHa. B To xe BpemaA mp 060! 
AOCTPOHKe NATHA, CBASAHHOH C YBEMMUYCHHEM TOKAa, HOBbIC JMHCCHOHHEIC ICHTPb 
AOMKHbI BOSHUKATb y PPaHHIl CyILeCTBy!OUeH SMHCCHOHHOL MOBePXHOCTH, Yen 
Mu OObACHAeTCA ee OYaroBan CTpyKTypa. IIpuBezeHHple WJWNOCTpauun MpHMeHe 
HH MPHHIWIa MaKCHMYMa MOJIA CBUACTEIbCTBYIOT O e€FO OOULHOCTH, 4YeM TOR 
TBEPHRAACTCH CMPABEWIMBOCTh MOJIOMKCHHHIX B CFO OCHOBY MpeycTaBreHuit. 


Beecowsnbiii sieKTpoTexHMueckull WHCTHTYT Ilocrynus0 
um. B. VW. Jlenuua 8X9 1958 
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TPEO@HSHKA 


B. WH. TATAPCKMM u JI. H. )KYKOBA 
O XPOMATHYUECKOM MEPILAHHH 3BE3]I 


(ITpedcmaeaeno axademuxom B. I. Pecenxosum 3 X 1958) 


Kak M3BeCTHO, OH3KHE K TOPH3OHTY 3Be3JbI HCHbITHIBAIOT CHJIbHOe XpOMa- 
yueckoe MepllaHne, T. e. OecMopsAouHoe u3MeHeHHe UBeta. Montuun (!) 6o- 
He 100 ner Ha3aq Ja B OCHOBHOM npaBusbHoe KayecTBeHHOe OOBACHEHHE 3TOFO 
@wIeHUA, OHAKO MO CHX NOp He CylilecTByeT KOJIMUeCTBeHHOrO pacueTa xpo- 
‘THYeCKOrO MepliaHud. HwxKe mpHBogutTca pacueT xpomaTuyecKoro MeplaHns, 
{HOBAHHDIM Ha BOJIHOBOM ypaBHeHuH* um Ha mpescTaBeHHAX TeOpHH sOKAaJIb- 
) M30TponHOw TypOyseHTHOCTH. Tak KaK aTMmocdepa o6mayaer cia6oli qucnep- 
JeH, To pepakuua Jyueli pasnoro wBeTra pasuuna. Tlostomy, ecu gpa 
4a c AMHAaMM BOMH dy H Ag CXOMTCA B ONY TOUKY HaGsOZeHHA Ha NoBepx- 
CTH SeMJIM, TO Ha HEKOTOPOM BbIcCoTe Z OHM pa3eIeHbl paccTOMHMeM p, KO- 
(poe c MocTaTO“HOH TOUHOCTHIO BbIPaxkaetca chopmyson (') 

y 


0 (Ad, 8) = Dp (8) [2 (4) — 1 (AQ)] (1 — 2/4). (1) 


Giecb § —3eHHTHOe paccTosHue ucTouHuKa cBeTa; A) = he—)y; Dy (6) — 
ayukuua §, paccuntanHass ('); H = 8 xm — Bblcora OMHOposHOl armocidephi; 
(. (A) — noKa3aTemb mpesomamenua **, 


q 


}, Kak ObluIo noKa3aHo B paOotax (*, °), mpHuieraioujHe K MOBepxHocTH Seman 
MOU aTMOCtepbI, B KOTOPbIX HaGsuORaloTcA HanOoulee HHTCHCHBHbIe (plyKTyallun 
MKasaTeMA MpesOMeCHHA, HE BJIMAIOT CYWLeECTBEHHLIM OOpa30M Ha MepllaHue 
}e3n (pyKTyalluu WHHTCHCHBHOCTH CBeTa), H OCHOBHYIO POJIbB9TOM ABJICHHH 
§ paroT Ooviee BEICOKHe CuO armocdepH. Ilo HeKOTOPbIM OleHKaM, OCHOBAaHHBIM Ha 
MePCHUAX 3aBHCHMOCTH BEMYMHbI MeplaHsa OT pasMepoB AMacpparMbl Te- 
ickona (4) H Ha COMOCTaBeHHH adpOsOrM4eCcKHX HaGwOeHu Cc Habw0WeHH- 
MM MepilaHua 3Be3q (°), MOXKHO OPHCHTHPOBOUHO OLeCHHTb TOJLMHY COA arT- 
loccbepbl, OTBeETCTBeHHOrO 3a MepltaHHe 3Be34,B 10—15 KM, MpHyemM OCHOBHy10 
(Jib UTpaeT BePXHAA YacTb 9TOrO cod. Kak cueqyer u3 copmyvip (1), Ha 
sicoTax nopsqKa 10 KM paccTosHHe MexkKyy JIyyaMu 9 (A i, 9) yxe Maso 
2HACTCA IPH H3MCHEHHAX Z, HM MOSTOMY C JOCTATOUHOM TOUHOCTLIO MOxKHO 
HUTaTb, YTO Jy4H WAT MapatseibHO Apyr Wpyry Ha paccTOAHHH p (A Ao): 
ipeneisemom dopmyao (1) npn z= 10 km. [lostomy Aust pacuera XpoMa- 
YeCKOFO MePaHHA JOCTaTOUHO BHIYHCIHTb KOSPPHUNEHT KOPpGIAWHH Mey 
MYKTYalMAMM aMIVIMTYAbI WA TakOorO MfealM3HpOBaHHOrO Cily4yas, Kora 
spe3 aTmocdepy B OJHOM HampaBjJeHun (6e3 pedpakunH) pacnpocrpaHsiorTca 
Be IIOcKHe MOHOXpoMaTHYeCcKHe BOJIHbI (C JIMHAaMH BOJIH Ay H Ag), a TOUKH 
aOsmoeHHA HaXOMATCA Ha pacCTOAHHH P (Ai, 8) apyr or Apyra B muocKocTh, 
epnenqukyiapHonw syuam. McxoqHbIM ABJIAeCTCA YpaBHeHHe 

ay gy OV rae te i 

Oy? 022 4 2ik Ox ae 2k Ny Ce Yy, z) Ls “i (2) 
MMCbIBaIOlee BOSMYNeHUA aMMMTyAbI A H pasbl S mslocKoit MOHOXpoMaTHye- 
Koll BOJHI, pacmpocrpansoutelica BAO OCH X. Secb Re ¥ = InA—InA=y, 


* K mpo6seme MepyaHua sBe3q reoMeTpuyecKad ONTHKA HeIPHMeHHMa, Tak KaK He BBIIOJI- 
Jia 93TOrO ycJIOBHe VaL Kl, rae ~>—IMHa BosHE, L ato 
u [,— BHYTpeHanit MacuiTa6 TypOyJeHTHOCTH (2—4), 
5,9-10-® (kpatinne yun B AManasoHe BAAHMOTO cBeTa) 
40°; 0,2 cm npn 8 = 20°; 0,8 cm npx 0 = 
31,2 cm npH § = 


qeTCA HeoOxofqHMoe J 
ITHYCCKH AKTHBHOTO CJIOA aTMOCPepbI 
** Tipn z2>H wn (Ay) — 2 (Aa) = eae 
Lyioulve 3HayeHHa: <1 Vs ak 

30°. 2,1 cm nip — 40°; 4,9 cm npu 8 = 50°; 31,6 cm mpu 8 = 60°, 
: 70°, 128 cm mipx 8 = 80° nu 1283 cm mp Gi== 855 (): , 
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Im¥=S—S=S', kR=2Qe/Ku m (xX, y, 2) —ayKTyalwu MoKa3zaTevA np} 
jlommenua. Ypapuenue (2) cnpaBeJIMBO B Cilyyae, Kora BbINOMHAIOTCH COOH 
noweHua h <I; BL<U; |m|<K1 wrAlVP|«Kc2x  (mocnequee YCJIOBH 
9KBHBaJICHTHO TpeOoBaHHIO MaJIOCTH (pilyKTyauMt HalpaBJeHMA pactipocTpaneHn | 
Bovub!) (2,4,7). B peavibHolt armoc(ipepe B Halla3sone BUAMMOrO CBETA BC 3} 
YCJIOBUA XOPOLIO BbINOJIHAIOTCH *. 
Ypapuenve (2) yOOHO pelliaTb pH TWOMOULM CHEKTPaJIbHBIX Pa3JIOZKeHH 
curyualinbix nose 1, (x,y,z) uw VY (x,y,z) (*,°,*). Mogerapiaa ABymMepubie (7) 
y Mi 2) CNeKTPaJIbHble pasOxKeHUA (PYHKUMH Ny (%, Y, z) u V(x, y,z) B ypaBHih 
Hue (2), NomyYHM OObIKHOBeHHOe udppepeHitMasbHOe YypaBHeHHe, 3 KOTOPOI 
onpeyesserca JBYMepHad ClekTpaJibHad aMIJIMTy a dp(%1,%3,L) caryyvannd| 
cbyrxnun (x,y,z) B mulocKocTH x=L uepes AByMepHyto CHeKTpaJIbHy 
ammsntyny dy (x2, %3, x) PYHKUMM 7, (x, Y, Z) (CM. @HaJIOPHUHbIM BBIBOX B (AM 
Tlepexoqa oT CMeKTpaJIbHOU MJIOTHOCTH db (%2, %3, L) KOMMJIeKCHOH aMIJMTy JI} 
YW (x, y,2) K crekTpasbHoli mmoTHocTH da (x2, %3, L) smorapucpMa aMIsMaTy ah 
poms In A wu noycrapasaa da (xs, x3, L) B clekTpasbHoe passioxeHue y = In A 


—InA, ntonyyaem cbopmy.ly 


y(L, y, 2) = N nis ky [ sin are dy (oe, 5, x) | dx dydz, 


rye x° = x, --+ x3. YMHowana (3) Ha aHaslOorMunoe ypaBHeHHe, 3amHcaHHOoe Qu 
Apyroii TOUKH HaG HO AeHHA H APYTOH MJIMHbI BOJIHBI hg = 27 / ky, W oCpeqHAA, NOCH 
HeKOTOPbIX MpeoOpasoBaHHli, B Mpolecce BbIMOJIHCHHA KOTOPbIX CYI[eCCTBeH 
HCHoub3yeTcaA ycnoBue A < ly, NomyauM 


co 


= tk,k, \ ei%0(A2,9) x dy \\ [cos a SF ANA ogs ME Es 2 F (xg, %3, €, 4) dé du, 


k 


1 4 1 1 ay ae 1 


paJibHad PyHKUNA (lyKTyalWHH MoKasaTesA TpesIOMJeHHA. 

Uuterpan (4) Mower ObITb BbIPaxKeH Yepe3 KOPPeJALHOHHY!O (pyHKILH! 
(burykKTy anit aMIJIMTY {bl MOHOXPOMaTHYeCKOH BOJIHEI. JlelicrBuTembHO, Mosara 
k=k,=k uk!=0, nonyuum 


a (My) x1 (Me) = Ba (eo, k)= 


co 
— gp2 ine(AA,0), ‘ «7 (L — ») Fs 
re \ i if av\\ E Eps k Ig (xo, X3, c 7) dé dn, ( | 
0 
rye Ba (eo, k) —koppensuuonnad :byHKiua (~ryKTyauuu JorapHipMa aMIJIMTyZE 
MIOCKOH MOHOXPOMATHYeCKOH BOMHbI Ch = 2n/k, Jlerko Bujetb, Yo mHTerpa. 
(4) MoxkeT ObITh TpeycTaBieH BBHe pasHocTu ABYX (byHKUMit Tuna (5): 


Poy. pan aE 2 ae 
(Ma) 42 (Ma) = “a Ba (9 (AR, 0) 8) — 22 Ba (0(O2,6), 28). 


Srecb Ba (p, 2k)— Koppenatuonnan PpyHKuusA (baykKtyauni JoraputMa amnJt 
TYAbI HEKOTOPOH (PHKTHBHOH BOJIHb! C JWIMHOL BOJIHDI Qn |: 2k =|, —d | [2 
DyukynA Ba(o,k) AJ MOHOXpoMaTHYecKOli BOMHBI ObiNa qalmena. B ( oe 
B cnyyae, korfa ly) <<YAL <h,, rye ot 
(pakTHYecKH B 3ayate o Me} 


— BHeIWHHH Macuita6 TypOyseHTHOCT 
JHAHHM 3BeE3) STO YCJIOBHE BCera BbITOMHAeTC! 


*X~5-10-4 em, 1, ~1 cm, L ~ 106 5 . 
M, lo eR Cah NO ee AVA I ey? sree ov) ae K 
WMH HalpaB.leHHA pacnpoctpanenus BowHBI («yrow WpoxKannsa»), eee akan ou rg 
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Mik Kak lj ~1 cm, VAL ~ 10 cm, 1, ~ 100 M) HMeeT MecTo (Popmyuia 
J co 


Ba (0, k) = 0,56 k'* (sec 8)" 64 =) | Che) eh de, (7) 
\Lo 


me Cn(2)—crpyxtypHaa noctosHHad (baykryauuit n, (ny — 1)? = C2”); 
A— koadPuuneHT KoppemaunH (blyKTyalluh sloraputpMa ammauryyb; Ly — To.- 
#{MHa (lO BepTHKasM) onTuyec- 
3M aKTMBHOrO CJIOA § aTMocipe- 
bt. [3 cbopmysr (7) cue- 
HyeT, TO KOppeJIALHOHHAaA 
)YHKUMA CwJlyKTyalMa ammnuu- 
WyAbI BOJIHbI 3aBHCHT OT OT- 
koweHut 9/YAL,sec9 u ato 
payMyc Koppesiauun dslyKTyas 
MM AMIVIWTY bl HMeeT nopsOK 
\/XL,sec§ (nocneqHul BbIBOX 
JIOATBepxeH  HemocpeycTBeH- 
|IbIMH SKCIepHMeHTaMH B_ IIpH- 
}€MHOM CJIOe aTMocdeppl (7,°)). 
| Hatigem koadduunert Kop- 
pemAuHH R (A), 6) Mexyzy dayK- Puc. 1 
wyaluAMaw slorapudMa = amiviu- 


~ Az, 8) * 4 ON . 
R (Ad, 0) = (1 —22)-*e[ 4 (SE) _ op ( : [exe 
( i ) NG ALy sec 0 a Niecy AL, sec 0 (8) 
WAM ge 
ire BBeeHO OOO3HaueHHe © = aera + 7 
| \2 1 
Ha pue. | npuBegeHbt 3HaueHua R (AA, 4) aa pa3smMuHbIx 9, MocTpoeHHble 
no cbopmyste (8). B kayecrBe 6, B3aTa PyHKUMA, paccuHTaHHas B (*) Jia cayyas, 


Kora PyYKTYaWHM MOKasaTeA MpesJIOMICHHA MOJYHHAIOTCH 3aKOHY JIByX Tpe- 
iren. Jlaa iV i Ly) wpuHsATo 3HayeHuve 10 cm, p (Ad, 9) mogxcunTbIBajocb 110 
\popmyse (1) mpu z = 10 km. Ha 9ToMm xe rpacpuke MoOMelleHbI 9KCIePHMeHTaJIb- 
\HBIe TOUKH, NOJyyenHbe B IlymKoscKol oGcepBaTopuun upu § = 76° (a), 0 = 
'=65° (6), 9 = 50° (¢) u 6 = 40° (2). SkcnepHMeHTabHble JaHHbIe HaXOMATCH B 
YAOBJIETBOPHTEJIbHOM COrIacHH C TeOpeTHYeCKHMH KPHBbIMH. 

XpOMaTH¥eCKHM MepllaHHeM OObACHACTCA Tak»Ke H3BECTHBIM (pakT, 4TO Be- 
JIM4MHa MepllaHus, HaGOwOJaemoro B MHTerpaJIbHOM CBeTe MPH MOMOLIM ocTa- 
TOUHO MaJIOroO 0 JMaMeTpy TelecKoNa ({HaMeTpOM JO 6—7 cM), yMeHbIaeTCA 
'¢ pocToM 3eHuTHOrO paccrosHua mpu § > 60°, 

Ilyctp J (k) — cnektpastbHaxd MIOTHOCTh HHTeHCHBHOCTM cBeTa. Torya uHTer- 
Ae 


PpaJIbHbI CBeTOBOH MoTOK J paBeH J = \ I(\) dh, a cpequnii KBaypat (styKtTya- 


: de Ae 
unit J Bbipaxaetca copmyioit J” =\ \ TORY IAQ) CNG Te: BanucuT) oT 
| Ar At 


KOPpeJIAIMOHHOH *yakiun yKTyauni CMe€KTpaJIbHOH MHTCHCMBHOCTH CBeTO- 


* Yutepecno oTmeTuTb, uTo faxe mpuO=O0 R (Ad, 0) 41. Dror makT aBaAeTcA csey- 
_CTBHeM BOJIHOBOM MIpHpOsbI MeplaHuA WH OODACHACTCA TEM, UTO «O61aCTH BJINAHHD), OKPy2Kalo- 


mive JIy4 uv HMelomMe AHaMeTp NopAyKa VAL, pastWuHe! MpH pasHblx A. 

Ecam piayKTyauMH MoKasaTeid MpeOMeHHA OMHCHIBAIOTCH CTPYKTYPHOH yHKuueii 
(m1 —n,)? = Car TO Lua Kosppuuwenta Kopperauun R mp @ =0 noayyum R (Aj, 0) = 
= (Az / Ag)eT HA, Takum o6pa30M, H3MepeHHA XpOMAaTHYCCKOrO MeplaHisA B 3eHHTe MOryT 
jlath CBeJ\CHHA O CTpyKType TypOy.IeHTHOCTM Ha BbICOTAX MOPAAKa HeCKOJIbKUX KHVIOMCTPOB. 
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Boro MOTOKa B pa3HbIX y4acTKaX CIeKTpa. J[ast MaJIblx Devise (uTO npak- 
TMUCCKH BbINOHAeCTCA B OOJIbINMHCTBE emyagaes) 1’ (A) 1’ (d") pire es 
no R (Ad, 9). Tlompaysich cbopmyson (8), MoxKHO pacC¥HTaTb Piacaenea | 
paBHY!0 OTHOLIeHMIO cpeHero KBafpatTa cbnyKTyallnit MHTerpaJIbHOro CB { 
nmoToKa B j[Mama3o0He (\y, 42) K CpeqHeMy KBadpaTy (bulyKTyalluH MOHOXpoMa 

f 


THYeCKOLO CBETA C JWIMHOM BOJIHBI Ay = */2 (Ma ++ hy). CpeqHHH KBaypat (pulyKTya- | 
twit MHTerpasbHoro CBeTOBOrO TOTOKAa BbIpaxKaeTcH popmy10H 


7 , —<— 5 
5 = F2/J2= 195 "(sec d)"™ G(D/ VigLo sec 8 )F(O)\ Ci (2) 2""dz. (9)} 
0 
Syech G(D/V dol Sec 8) — byHKuMA, XapakTepusyloulan yMeHbLUeHHe puyktya 
uuii 3a cyeT ocpesusomero elictBHaA OObeKTHBa TeslecKoMa C AHaMeTPOM 
D (ata (pyHKUMA paccuHTaHa B 
(*)). F (8) MoxHO onpeyeJIMTb 
3 3IKCICPHMeHTaJIbHbIX J{aHHbIX 
JIBYMA He3aBHCHMBIMH IlyTAMH. | 
C oguoli cTopoHbl, 3Haa (pyHK-| 
mmo G(D/VroLlosec8), ee} 
MOXXHO OCTPOHTb Ha OCHOBE 
3KCNEPHMeHTaJIbHOH 3aBHCHMOC- 
TH of = f (sec9), cpaBHuBan ee 
c dopmyson (9). C apyrou 
CTOPOHBI, STY (PyYHKILHIO MOKHO 
HaHTH KaK OTHOUIeHHeE Meplla- | 
HWA B WHTerpaJIbHOM CBeTE K | 
MeplaHHiO B + MOHOXpOMaTH4UeC- 
KOM cCBeTe. | 
Ha puc. 2 cnmowHon sn-! 
Puc. 2 Heh w300paxKeHa dyHKIHA 
F (8), momyseHHast Ha OCHOBa- 
Huu (8) TyTeM TeopeTHuecKHX pacueTOB JWId iy=0,3 p, A» =0,6p. Ha 
3TOM Ke rpacbuke MpvBeeHbI SKCMePHMeHTaJIbHbIe TOUKH. SBe3sqOUKH — MOJy- 
yeHHbIe B IlytKoBcKoH oOcepBaTopun (JI. H. ?KyKoBol) 3HayeHHA OTHOUIeHHA 
MePllaHHsl B MHTerpaJIbHOM CBeTe K MeplaHHiO B Y3KOM y4UacTKe CieKTpa (IIH- 
puHoh 90 A). OctambHble TOUKH — pe3yJbTaTb! OOpaOoTKH NMOJIyYeHHBIX 
Pa3JIMUHbIMH = aBTOpaMH OOpa3llOB 3aBMCHMOCTH MeplaHHA B HHTerpaJIbHOM | 
cBeTe OT 3eHHTHOrO paccTOAHHA MpH nomMomH dopmywb (9) (a — D =15” (4), | 
6 — D=10" (*), e— D=8" (8), e— D=12" (). Bxonamaa B G(D/ V dol sec 8) | 
BemmunHa YW) Lo Obluia mpuHaTa paBHoit 10 cm. Bce BeHUHHbI HOPMHPOBaHEl | 
Ha 1 npn 8=0. Xopouiee cormacue MosyueHHbIX He3aBHCHMbIMH cmoco6amu | 
SKCIIEPHMCHTAJIBHBIX J[AHHBIX Mex]Ly COOoH UC TeopeTHyeCcKOH KPHBOH cCBHJe- | 
TeJIBCTBYeT, UTO SdpPeKT YMCHBINeEHHA MepllaHHA B HHTerpaJIbHOM CBeTe TIpH yBe- 
JIMYCHHH 3CHUTHOPO PaCCTOAHHA MOXKET ObITh OOBACHEH XPOMATHYECKHM MepllaHHeM. 


— 


Uucrutyt pusuku atTmocdeppi Ilocrynuso | 
AkayemMun HaykK CCCP 3 X 1958 


[apna acrponomuueckad o6ceppaTopua j 
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val 
Hokuayn Akagemun nayr CCCP 
fl 1959. Tom 124, Ne 3 


(ih TEXHHYECKAA PH3HKA 


B. A. BYPOB u B. A. KPACHJIBHHKOB 


ih O MOPJIOUWEHHH YJIBTPASBYKOBbIX BOJIH 
| BOJIbLIOM HHTEHCHBHOCTH B BOJE 


(IIpedcmasaeno akademuxom M. A. Jleonmoeuuem 29 IX 1958) 


| 1. B paOorax (*, *) Obii0 SKcnepHMeHTaIbHO OOHapy2KeHO ucKaxKeHue (pop- 
|) MbI YJIbTPpa3ByKOBbIX BOJIH B MaJIOBA3KAX 2KUJKOCTAX Mp CpaBHUTeIbHO HeOOb- 
U0 HHTeCHCHBHOCTH (HeCKOJIbKO BaTT Ha KB. CaHTHMeTp), a TaKxKe yCTaHoBue- 
| HO, 4TO 9TO HCKaxKeHHE HMEET CylIleCTBeHHOe 3HayeHHe B yBeMYeHHH KoOsddu- 
\PIMeEHTa MOPIOWLEHHA BOJIH KOHEYHOH amnuiuTybl. B padorte (*) Oblio moKa3aHo, 
[4TO JO Toro, KaK HauHHaeT HIpaTb POJIb YIbTPasByKOBaH KaBUTAallMA, YBeJIH- 
-4eHne KoodpdpuuneHTa MOMiOWeHHA MpakTHYeCKH MOMHOCTHIO ONpesesaeTca 
/BJIMAHHEM UCKaxKeHHA CPOPMbI BOJHbI, WH Oblla CheaHa MOMbITKAa OObACHEHHA C 
)}9TOH TOUKH 3PpeCHHA HeIKCNOHEHIWMAabHOrO XapakTepa NorwomenHin. Hakouell, 
B paOote (*) 6blIo NOKa3aHO, 4TO Ha uacTote | Mru u uuTencuBHocTu 40 Br/cM? 
-CHHYCOMJasIbHad BHayase (y H3JyYaTeIA) YIbTpa3sByKOBaA BOJIHa Ha paccTos- 
} Huw ~10 cM oT H3uly4aTeIA NPHHAMaeT MMNO0OpasHyi1o (OpMy, YTO MO3BOUIAeT 
|PacCMaTPUBaTb ee Kak CulaOyio Mepwosuyeckylo yapHyio BOJHY. 
IIpenctaBaeT UHTepec H3Y4HTb MOBeweHHe KOSPUUNeHTAa NOPIOMeHHA pH 
OOJIbUIMX HHTCHCHBHOCTAX YJIbTpasByKa, KOra BOJIHa HMeeT TAK YI0 NMIOOOpasHylo 
popMy, B 3aBHCHMOCTH OT WaCTOTbI HHTeHCHBHOCTH, a TaK»%Ke paCCTOAHHA OT 
‘u3syuaTena. C sTOH Wesbio ObWIM MpOBeAeHbl H3SMeCPeHHA NMOMOMLEHHA YIbTpa- 
3BYKOBBIX BOJIH B JMCTHJIJIMpOBaHHOH Bose MpH KOMHATHOM TeMMepaType Ha 
‘yactotax 1; 1,5 1 2 Mri npu uxtTencuBuoctax or 50 jo 100-250 Br/cm?. 
'Usmepenus mposoqusiuch Ha yCcTaHOBKe, KpaTKO ONvCaHHOH B (*), KaJlOpHMer- 
_PHueCKHM MeTOJOM C HCHOb30BaHHeM cocyja J[bioapa. TouHOCcTb u3sMepeHHli 
MHTCHCHBHOCTH pH UHTeHcHBHOcTAX or 150 yo 250 Br/cm? cocTaBJIAeT OKOJIO 
| 10% mw np uAtTeHcuBHoctax 50—150 Br/cm* Lado 

_ 2. 3aBucuMocTb WHTeHCHuBHOcTH W yJibTpa3ByKa OT paCCTOAHHA JO BbIXOZ- 
“HOFO OTBEPCTHA U31yUaTeNA MPH pasMYHBIX MHTCHCHBHOCTAX uM YacTOTaX Mmpey- 
cTapleHa Ha puc. |. 

- Ha pue. 2 npupexeH pa KpHBbIX 3aBHCHMOCTH KOSpPPullMeHTa NOrIOMeHHA 
m0 9HeEprHH a = ee OT paccroHHHaA OT KBaplleBOH MacTHHKH, MO- 
JIYYCHHBIX PpacduyeckuM JudPepeHMpOBaHHeM KPHBbIX PHC. 1**, Buy Kpu- 
BbIX Ha puc. 2 ykKa3bIBaeT Ha He9KCMOHEHUMAaIbHbIM XapakTep  MOrvo- 
IM€HHA HW Ha COMKHYIO 3ABMCHMOCTh @ OT PacCTOAHUA NO UB/yuaTeIA, OT Yac- 
TOTbI YJIbTpa3sByKa H OT HayasbHOi uHTeHcuBHOcTH W,. Kak BHAHO 3 puc. 2, 
% Ha HeKOTOPOM paccTOAHuH X JlocTHraeT MaKCHMYyMa. 3aMeTHM, YTO CH ObI 
YIbTpasByK UCceLyeMOM HHTEHCHBHOCTH MOrsoUlaJicA C TEM 2Ke a, YTO H MaJIO- 
AaMIMIMTYLHbIM, TO KpuBble cnagenua Wc paccTOAHHeM Ha PHC. | npeacraBiaau 


* Bpema u3nyueHuA KBapueBon MmacTHHKM (BpeMs aKCHOSHILMH) Ip H3MepeHHAX Ko3tp- 
puueHta MormolleHuaA He MpeBblllaio 2 cek. OrmeruM, uTO HaMH B ( ) 6bIIO OMHCaHO ABIeHHE 
criakuBaHHAa (pa3bl OTPHIlaTenbHOrO WeleHHA B BoMHE (aKycTHMUeCKoe JeTeEKTHPOBaHHe), 4TO 
MOWKHO CKa3blBaTbcA Ha 3HayeHHU KosppumHeHTa NormoMeHHA. OLHAKO 9TO aABeHHe Tpedyer 
JIA CBOCPO PasBHTHA 3HAYHTeEMbHO OoMblUero BPCMCHH, YM YKA3aHHOE BPeMA AC Ly 

** TouHocTh mpoBeseHHoro AuppepenunpoBanuA HeBemMKa HU acer oulm6Ky oKom0 20%. 
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Obl COOOH MpakTHYeCKH NPAMBIe MH, MapasIJIeJIbHBIC OCH X, me aD HuKa 
Koro 3aMeTHOrO cnajanua W wa paccrosHun 20 cM He MpOMsoOnio aa accTo 
aHue, Ha KOTOPOM Iy4OK OT uasyualoulel, MacTHHKH DURUSL as ie Ha 
uuHaeT pacxoguTbes, Jia uacroTb | Mri, cocTaBiJIaeT MPAMCPHO cm.) B na 
eM CJlyy¥ae o Ha Ba NOpAyKa MpeBblllaer MaJlOaMIWIMTYAHDIM = KOSppUUNeHT, 
eHUA. 
Bera TOBeeHUe & MOET ObITh XOPOMIO OOBACHEHO MPeAMOJIO*KCHHCM 
CBASH MOrOMeHuA yJIbTpasByKa C HCKaxKeHHeEM OPM! YALTPasBYKOBOH BOvI- 
ut. Ha mporsxKeHHM MepBbIX CaHTHMeTPOB OT H3JydaTeIA BOMHA MOCTEHEHHG 
HaKalluiuBaeT HCKaxKeHHe, IpeBpallaAch U3 CHHYCOHJaJIbHOU B musO06pasHyto. 


rem? 
£50 


£00 


150 


100 


Puc. 14. a—1 Mru, 6—1,5 Mru, e—2 Mru 

IIpu Sonpumx W, 9TO MaKCHMaJIbHOe UCKaxeHHe HaCTyMaeT Ha MeHBIUMX pac- 
CTOAHHAX, IPH 9TOM & TaKxKe JocTuraer Makcumyma. Ilo Mepe oOoralleHuaA BOW- 
HbI TAPMOHHKaMH a pacTeT, Tak KaK MOMIOWeHHe MPOMNOPUHOHATbHO w*. Cre: 
myer yuecTb, YTO CaMasd OJIH3KaA K U3yuaTeIO TOUKA, OCTHXKHMAA WIA U3: 
MepeHHA TIpH MomMouM cocyja J[bioapa, HaxofMJiacb Ha paccTosHuH 22 MM 07 
KBapleBOH MaCTHHKH, H MpH OombuHx Wo BOHa MPpHXOAua B ITY TOUKY yx 
CYHLeCTBEHHO HCKaxKeHHOH; nosTOMy Ooulee MOMOrol YacTH KPHBOH cnasaHus 
np Oombumx W» mouTH HeT, KaK 3TO BUHO u3 puc. 1. CoorBeTcTrBeHHO Ha puc. < 
Mbl HM€eM yxKe MPH MaJIbIx x GOJbUIMNe 3HAUeHHA a. 

[ni WIOCKOH BOJIHbI KOHeUHOM aMMIMTy II, pacipoctTpansiomelca 6e: 
MOrOULeEHHA, PacCTOAHHeE MO paspHIBa, CoriacHO Teopun Pumana, OyyerT 

gy nie 

Xpasp = Op o(y +1) ’ (1 
re Co—CKOPOCTh 3BYKa MaJIOM aMMMVIMTYbI; Uy — akyCTHYeCKaA CKOpOCTE 
BEMMMHHY Y TIA BOMbI ClekyeT MpH 9TOM OpatTb paBHo 7 (cM. no sTOMy MOBO 
(*)). Sametum, uro corsacHo STO PopMye Xpasp TEM MCHBIe, ueM Gombe Uj 
T. €. YM OOJIbUIe HHTCHCHBHOCTh BOJIHbI (CM. BbIILe) 
DUP 


_ B wauimx akcnepumentax Gespasmepubie uncaa p/bo (rae b — BA3KOCTh 
Acapuropad u oObemMHad) up —aKycruueckoe WaBJICHHe), ABJIAIOUIMeCA KpU- 
}TepveM HacTyMieHHA pasppiBa (cM. (%, °)),6buiM 10? u RoctaToUHDI Wa HaKo- 
(\1eHua pasppiBa. Ilosromy 3HayeHua Xpasp U3 cbopmy.bI (1) MoxKHO CpaBHu- 
BaTb C 9KCIePHMCHTaIbHO H3MepAeMbIMH 3HaYeHHAMH STOTO paccrosuua. TIpu 
TaKOM CPaBHEHHH OKaSbIBACTCH, UTO TeOpeTHYeCKHE 3HAYEHUA MIA Xpasp MOCTA- 
»TOUHO YOBJICTBOPHTeEMbHO COFAaCyIOTCH C IKCNePHMECHTAIbHO HaGstOaemMbIMn. 
4} Tak, u3 Hamel paOorni (*) cnegyer, uro npn Wy= 40 Br/cm? u uacrore 1 Mri 
(oOmacTb Oomee HIM MeHee craOubHBIX 3HaueHHii TapMOHMK HaunHaeTca Ha 
paccrosHun npuMepHo zB 12— Aes 
17 cM uu npoxomKaetca Jo sg 
(30—35 cm oT usmyuatena. Ha- 
| CTYIMeHHe «CTAOHAbHOM» POpMBI 
| BOJIHbI O3HadaeT JIA OOM G00 
} Guce p/bw  HacTynmeHne 
/<pa3pbIBa>, TpakTyeMoro Kak 
| 
| 
| 
| 
| 


[ 


1 


T 


| JOCTHXKeHHE  MAaKCHMAIbHOrO 
}uCKaxKeHUA BONHBI, pacnpo- 
|CTPaHAIoOMleHcA =—siB{B BASKOM 
}2KuKoctu. B  paccmaTpyBae- 
} MoMC.styyae cbopmysta (1) gaer 
fee = 15 co. wll 

tl Kpome Toro, 43 3aBHCHMO- 

{CTH a OT X 3aMeuaeM, UTO Mak- GU25 
}CUMYM «@ JocTuraeTcA pH x, 
) COBMaAaioulux C MaKCHMyMOM 
) ucKaKeHHA (OPMbI  BOIHHI, 
HT. €. CO 3HAYCHHAMH Xpazp. ee 

| lak HampuMep, Ans ncn eb.) Tee Mru, W,)= 100 sr/em?; 2—1 Mru, 
i 1 Mrn u W,)=100 sr/cm’, a W, = 200 sr/em?; 3—1,5 Mru, Wy =50 st/cm?; 
}TakxKe aa uactoty 16oMryu 4—1,5 Mru, W,=100 st/em; 5—2 Mru, W,=— 
hW,=50 sr/cm? Aeasy 29 CM: = 50 st/em?; 6—2 Mru, W,=100 sr/cm? 
P13 puc. 2cmeqyer, uTO WIA 

mocleqHero clyyad MMeCHHO Jip 9TOM 3HaveHHH HaGOsiolaercA Makcu- 
| MYM MOrJOULeHHA; Jak MepBoro CJlyyaA MaKkCHMaJIbHOe 3HaueHHe a HaOWJII0- 
| Jaetca mpu 12 co. 

4. CyulecTBoBaHHe U3BeECTHOH OOacTH, re (POpMa OTHOCHTeIbHO craOMIbHa 
-u O1u3Ka K NMMOOOpa3HOH, NMO3BO/IAeT MpOBeCTH HHTepecHoe cpaBHeHHe 9KCIIe- 
) PHMCHTAJIDHBIX JaHHbIX C TIpHOMMKEHHOM Teopneli pacnpocTpaHenusA mH1006- 
| pasnoit cbopmb! BouHbI. Tlormoujenue BOIHbI TaKOH CPOpMbI paccmoTpexHo B (°-8). 
) Kosdbulnent MOrioueHHaA MO JaBJIeHHIO JIA MMNOOOpasHOH BoHbI Oye 


T 


i 
5 LCM 


- ne 1)\% 
P Op | Ox _ CYaert= Mane (2) 


p A 


ire %,, — aluaOaTuyeckad CKHMACMOCTb BOAbI H A — JWIMHA BOJIHbI. Cueqyer 
{pH 9TOM OTMeTHTb, YTO topMyvia (2) BbIBOAHTCA U3 YMCTO KHHeMAaTHYeCKHX 
—mipecTaBJleHHit O pacipocTpaHeHHH BOJIHbI KOHCYHON aMIIMTYAbI WH1000pasHoH 
) _pOPMbI H yueTa TOO OOCTOATEbCTBA, UTO ONPOKHABIBAHUA BOJIHbI ObITb He MOXET. 


M3 (2) merko mogyuaetca, 3aKOH CnafaHHA HHTeCHCHBHOCTH C paccTOAHHeM: 


Wo 
=n < (3) 


Ve 
0” an aS 1) | 
5 (y+ 1)* 


[= 


re Po —HavalbHan aMMINTyqa JaBlenua npn x = 0. bai 

Mis (3) cnegyer, ro npn Oompurnx x W ue 3apucut or Wo. Oror daxt 
OOHapy2KuBaeTCA IKCHepNMeHTabHO. JlelicrBuTeIbHO, U3 puc. | BUAHO, uTO, 
HanpuMmep, JWia cemelictBa KpuHBbIX uacrorb! 1,5 Mrit HavabHble MaKCHMaJIbHbIe 


coe 


Dil) 


acCTOA- 


WU MHHUMAaJIbHbIe HHTCHCHBHOCTU pa3JIMdaroTcA B 5 pas, pees. ste Ha p 
Hun 12 cM 3TH HHTCHCHBHOCTH pa3IMualoTcr Bcero JIHUIb B p . : a Be | 
IIpeqcraBiset WMHTepec CpaBHUTb pe3yJIbTaTbl, nowy valouynecA Yu pMYy 


(2) u (3), ¢ 9KCMepHMeHTaJbHbIMH JaHHbIMH. SaMeTHM, YTO TAKOC cpaBHeHue 


i, O¢ YeM Xpasp») TAK KaK TOJIbBKO 
uaTb JIMMIb C paccTOdHUH, OOMbINMX pasp <0} 
eee ; 6u3KyIO K MH00OpasHoH. 


HaKONMeHUA «Pa3PbIBa» BOHa HMeeT POpMy, | 
vanes 3TO pn ors MOXKHO, HallpHMep, MpoBectu Takoe CpaBHeHie 
maa uacror 1 u 1,5 Mru. Ilpu wHreHcHBHOCTH 165 Bt/cm* Ha aman OT | 
myuatena x <= 5 CM Kak JIA YacTOThI 1 Mru, Tak H (WIA YacTOTHI }, Ti y i 
MUMeeT Me€CTO HakonseHHe pa3spbiBa, MOITOMY, HavHHaA C yKa3aHHOH HHTCHCHB | 


Or fom? 


4 9100 
8 
NS 
is) 
ti 
is} 
“ 080 
| 
‘ Vi — 
50 0 U0 £00 VOr/eme 
W00 1800 2000 key 
5 0 om ; 
FY i i 
Puc. 3, Cnoumpie KpHBbIe — TeopeTHue- Puc. 4. {—sapucumocts a ot VW; 2— 
ckHe, MYHKTHpHble —/SKCMepHMeHTAJIbHEIe. 3aBHCHMOCTb OT f 


1—f=1 Mrn, 2—f=1,0_ Mry 


HOCTH, MOXKHO HauHHaTb Takoe CpaBHeHHe. PesysibTaT TakKOrO CpaBHeHHA MpH- 
BeyleH Ha puc. 3, H3 KOTOPOrO cuIeqyeT, YTO HMeeTCA XOpomiee COBMaeHHe TeO- 
peTHYeCKHX JaHHbIX C 9KCMePHMeHTAJIbHbIMH. 

V3 (2) BuqHO, 4TO KOOPPHUNEHT MOPIOMWLEHHA BOJIHbI MHIOOOpasHOu PopMbI 
MmponopluonameH wacToTe WH aMMINTyZe WaBleHns. 


Ha puc. 4, / mpuBeyqeHa 3aBHCHMOCTb « OT VW (T. €. OT BeJIHUNHbI, Mpo- 
MNOPUHOHATbHOH Pp) Wa vactorpl. 1,5 Mru; Touku — pesysbTaTbl rpaduyeckoro 
uddepeHwupoBaHHA KPHBbIX puc. 1, KpecTHKH —3HayeHHA kKosdduluenta 
NOPIOMeHNA, MOyYeHHbIe B padore ('), mpamas / COOTBeETCTByeT TeOpeTH4eCKOL 
saBucumocTn. [IponopmunoHasbHOCTh « Yactote (1px W =const=70Br/cm?) noKa- 
3aHa Takoke Ha puc. 4, 2; Kpy2xXOuKaMH OTMeYCHLI 3HAYeHHA, MOJTYYeHHBIe U3 
KPHBbIX pic. 1, MpaMad nmpoBegzeHa CorsacHo dbopmyve (2). 

Jla6opaTopus aHH3O0TPONHBIX CTPykTyp Iloctynuao 
AxkajyleMun HaykK CCCP 21 VXSAN953 


Mockosckuit rocyapcTBeHHbIt yHUBepcuTer 
um. M. B. Jlomonocosa 
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KPHCT AJIJIO[PA®H 1 


{| KPHCTAJIWJIbI KBAPLHA B YI JIAX 
| (ITpedcmaeaeno akademuxom A. B. II yOxuxoeoim 26 IX 1958) 


| 
HW. E. JECKEBHY 


| 

| IIpu u3yyeHHH MHHepaJIbHbIX MpHMeceli B yrIAX CpeM MMHepasOB ayTHreH- 
| HOFO MIpHCXOXK CHUA BCTPeYalOTCHA MEKHe IIPaBMVIbHbIe KPUCTadJbI KBapua. Ta- 
| KMe€ KPHCTAJIJIbI BCTpeueHbI B TpeTu4HbIX yruiax J|HenpoBcKoro Oypoyro.bHOrO 
Oacceliva HW B KAMCHHOYTOJIbDHbIX OTJOXKeHUAX HuxKHero KapOoHa JLonOacca*. 
|  CojepxkaHue Kpucta0B KBaplla B OypbIx yraax gocturaer 30% nu Gouee 
| OT HaBecKH yruic. Yromb, cosepxalluH ITOT KBapll, pacmomaraeTca B Bepx- 
}HeH 4aCTH yrOJIbHOrO mMulacTa, uMeto- 
mero 1l-mMerpoByto MOULHOCTb, UH 3a- 
yeraet Ha ruryOuHe 42 M or moBepx- 
HOcTH. Bowipioe KOM4eCTBO - KpucTaJ- 
JIOB KBaplla MpufaeT yruo cBoecbpa3- 
HbI BU Mepiiatoulero G6uecka. Tlox 
MIpocuioeM YYTJIa, COfep»Kalllero Kpu- 
CTaJlIbl KBaplla, 3aeraeT MeTPOBBIli 
‘mpocsiow mecuaHHKa, CJO*KeHHOrTO B 
OCHOBHOM Te€MH 2Ke€ KPHCTaJJIaMH KBap- 
‘ya co cmegqamu Koppo3un. Llemextom 
mecuaHvKa ABJAeCTCA XaNUeNOH, OOHJb- 
HO HaCbIleHHbI OpraHvueCKMMH IIpuMe- 
|} CAMU, NpHalouluMu mecuaHuky TeMHO- 
-KOpHuHeByIO OKpacky. Kpenoctb nec- 
yaHuKa ocTuraer X  KkaTeropHu. 
H3 mpocthix dopM y KpucTaJIOB Xo- 
pollo BbIPaxKeHbl MPpH3Ma PekcaroHaib- 
Had (m), pa3sIMuHO pa3sBuTHe rpaHH OOo- 
| ax poM6o021poB — OCHOBHOrO (R) upro- Puc. 1. Kpucranap: kpapuas 6ypom yrue 
poro (r), OTKYJ1a MOXKHO 3aKJIIOUHTb, UTO 

-OH MMeeT 3J/IeEMeHTHI CuMMeTpuH L* 3 L? u orHocHTcaA K TpHrOHAJIbHOH CHHTOHHH. 
Bce KpucraJibl BOMAHO-MpospauHble, TOJbKO U3peKa BCTPeUaIOTCH BKJIIOUCHHA 
/OpraHnyecKkoro BellleCTBa B BHC M@IKHX KOPHYHEBbIX BKPameHui. Kpuctai- 
Jbl HMe1oT pa3Mep 0,2 MM HM MeHbIe HM BLITAHyTHI M0 L* npuMepHo B Ba pasa 
-cuvibHee, uem io L?. [rpuxopKa Ha rpaHax orcytcTByet. IIpu3sHaku OKaTaH- 
-HOCTH He YyCTAHOBJICHbI. 

Ha HeKoTOpbIxX KpucTaax HaOmoqaeTcCA HapacTaHue HOBbIX, Oowlee MeuI- 
KUX, B BUJe pOMOO2poB, MocaxKeHHbIX Ha Ppa MPH3Mbl (puc. 1). Sto, BuquMo, 
pe3ybTaT BTOpOH reHepalluu. 

CneKTpaJIbHbIM aHaJIM30M YCTaHOBJIeHO, YTO B KBaplle MpPHCyTCTBYIOT MpH- 
mecu Ti, Cd, Zr, Al, Ca u Fe. Tepmuueckuii anaiu3 Kpucraos (cM. puc. 2) 
MOKa3bIBaeT, UTO THIIMUHBI JIA KBaplla JHAOTEPMUYECKHH apex, OTBeuaIONLNH 
mepexoyly #-kBaplla B $-MOfuduKallulo Npu Temlepatype 973 , UeTKO BbIpankeH. 
Sksorepmuyeckue a¢peKTbI mp Temmepatypax 335 u 450° oObACHsIOTCH, BU- 


JMMO, HaJIM4uHeM MpuMecel. 


* KpuctaJibl KBapila HalieHbl B OypbIX yIIAX B KepHe ompo6opaTesbCKHX CKBaXKHH 

Ne 17159 Hopo-Anexcangporcxoro u Ne 17531 Bepxue-J[Hemposckoro MecTopoxkeHHi; 
7 p. 

B K@MCHHOYPOJIbHEIX OTJIOAKCHHAX HHKHELO Kap6oHa — B wtypdpe Ne 151 B oKpectHoctax 


c. Kapaxy6a. 
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B HuxKHeKapOOHOBBIX OTJOMKEHHAX KPUCTANMbI KBaptta gla c B IJ 
cTbIX MOpoyax. OTMUNTebHOH UX OCOOCHHOCTHIO ABJIAETCA CBOCO ae 7 
yacTo BCTpeualollaaca curapooOpasHas cpopMa (px. 3). Ouu BbITAHYTb 
JWIMHHOM ocu B 6—12 pas CHIbHee, HEM IO KopoTKoH. [lonepeyHoe ceyeHH 
KPUCTaJIOB UMeeT (OPMY MPaBHJbHBIX WeCTHYTOMPDHHKOB. Pexko BCTpevalorcsit 

KPHCTaJJIbl, MpeCTaBMeHHbIe WeCTHTpaHHOH MpHs- 
‘ MOH, yY KOTOpOH 06a poMOos{pa paBHO Pa3BUTHI.} 


‘op SS 
= o 
SF Bee KpucTaJJIbl MMeIOT B IeHTPaIbHOH YacTH TeEM> 
So i HOBATHIe YUACTKH, MpeACTaB/IAOULMe MPaBHJIbHbI 
ap 
ie MHOFOrpaHHuKH HM HacbilleHHbie OpraHHyecKuMi 
> 


S BeLLeCTBOM. STO — OOpa3zopaHuA epBol cTayun 
pocta KpuHcTaa, BOKpyr KOTOpoH BO BTOpy 

Puc. 2. TepmorpamMa Xp¥-  craynto pocta mposomKalocbh HapacTaHHe KPH 
Soe a ia ny CyPoro ranma U3 Gomee UMCTEIX pacrBopoB. Bropoli nepuoyy 
reHepalluu Obl Goee MpOMOMKUTEIbHBIM, 10> 

CKQJIbKy MyTHad YacTb WeHTpa KpucTaJla COCTaB- 

JideT MpHMepHO YerTBepTy!o YacTb BCelt ero QIMHbI. HeokpauieHHadt WacThy 
KpucTawia  BOAAHO-mpospayHad C peAKMMM TbWICBHHBIMH BKJIOUCHHAMH| 
opraHwyueckux actu. Ha peqkux KpucTamax HaOsmo,aoTcaA TBOMHUKH. 

B sauTepaTtype ycsloBHAM oOOpa3s0BaHuA 
KBaplla yesaeTca Oombi0e BHUMaHHe. OJ- 
HaKO TlaBHOe BHUMaHHe yeIseTCH MpOnc- 
XOKJCHHIO KBaplla MPH 9HOreHHbIX IIpO- 
ieccaX, CBA3AHHbIX C HHTPy3HAMH u 9pdpy- 
3MAMH KUCJIbIX MarM, OOpa30BaHHeM MermMaTH- 
TOB, THApOTepMaJIbHbIMH TMpolleccaMH  BCeXx 
craquu. Bee 9TH mpomeccbl mpoTreKatoT MIpu 
MNOBbUNeHHBIX TeMMepaTypax H OOJIbINIOM JaB- 
JieHun. TeM He MeHee CkOpocTH KpucTasin- 
3allHH TOPpHOrO xpycTala B npHpoxe u dbak- 
TOPbI, OKa3bIBarolllHe BJIMAHHe Ha mporecc 
KPHCTaJWIM3aluu, elle OYeHb Maso H3y4e- 
HbI (?). 

Hasmune KBaplla B KAMe€HHBIX YPJIAX JO CHX 
NOp OObACHAJIN THApPOTepMa/IbHbIMH Mportec- 
CaMH, IIpH4ueM CHHreHeTHYeCKOe OOPa3z0BaHne 
erO MCKJHOUaJIOCb. 

OnucaHHble BbIINe KPHCTaJJIbl KBapita 
OOpa30Ba/INCb pH 3K3OreHHBIX mporeccax, 
B T@PMOMMHAaMM4eCKMX YCOBUAX, CyecT- tamale see 
BYIOWUX Ha noBepxHoctu seman. Heo6xo- P¥: 8 Kpucrana xeapua ue 

HK HEK a POOHOBBIX OTJIOPAKCHHH 

JMMBIM yYCJIOBHeEM 8apOxKeHHA HM pocra KpH- 

CTaJWIOB ABJIAeTCH HaMuNe mepecbIIeH- 

Horo pacTBopa. SHauNTebHOe BAMAHHE Ha KOHILCHTpallMio pacTrBopa 4, 
CJIEAOBaTeIbHO, Ha B3apoxKeHHe MW pocTr KPHCTATIIOB OKa3bIBaIOT  TeM- 
nepatypa u QaBjenne. IIpu uckyccTBeHHOM BbIPAallMBaHHH KPHCTAaJJIOB KBap- 
la WaBeHHe OKa3bIBaeTCA (PaKTOPOM, ONpeAeIAIOULMM CKOPOCTb pocta. Cun- 
TaioT, UTO (OPMa KPUCTAaMOB 3aBMCHT OT TeMMepaTYPbI UX OOPasoBaHuA. Tak, 
«KYMOepJaHCKHi THM KpucTaiMsyerca mpu Temnepatype 180° (°), Kpucran- 
Jbl C rpanama m >R>r>s_ o6pasyorca mpu Temmepatype oxono 250°. 
OnucaHHble BEIMe KPUCTaIbl OOpasoBanuch B polecce HaKkoMWeHHA YTOJIb- 
HOrO BellkecTBa WJIH erO paHHero fMarenesa, B cpefe, OnaronpvaATHOH gaa 
CYNLECTBOBAHHA CaNPOPHTOBbIX MUKPOOPraHusMoB, pH TeMnepatypax 0O—70° (4) 

13 Bcero H310X%XeHHOTO MOXHO CHeMaTbh C/eLYIOULHe BEIBODI: 

a 1. Kpucranipt KBaplla B yrax ABMIOTCA CHHreneTHuecKUMH oOpa30BaHu- 

Mi. 

2. Opranuueckaa cpefa OlaronpuATHa WIA 3apoKTeHuA u pocta BO,sHO- 
NPOSPadHBIX KPHCTaIOB KBaplla, ecm OGecneyeHo nocTynmeHne pacTBopa. 
O76 


3. Oprannyeckaa cpeqa cosqaBana OaronpusaTHbie YCJIOBHA JIA KOHILEH- 
Pall4H PaCTBOPOB KPCMHEKHCJOTHI H WIA UX MepeHacbIlleHHA, O 4eM CBHIe- 
CNbCTBYeT OOJIbUIOe KOJIMYCCTBO WeHTPOB KPHCTaH3aHH B YFOAbHOM mpo- 
.710e. 

_ 4. TemnepatypHpiit pexum u JaBleHue Moran peryHpoBaTEca Ouoxumuye- 


“KHMH IIPOLWeCcaMH H COOTBETCTBOBaTb YCJIOBHAM, CYICCTBOBaBLUMM Ha MOBepx- 
toctH Seman. 


_ [[nemponetposcku ropuili wucTutyT Tloctynuno 
} um. Aptema 5 VII ,1958 
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KPHCT AJIJIOTPA®H| 
B. WU. MOKEEBA 


KPUCTAJIJIMUECKAA CTPYKTYPA CKJIOMOBCKHTA 
(IIpedcmasaeno akademuxom H. B. Benoeim 15 IX 1958) 


Sore (1), a Takxke BO BCeX PYCCKHX CIpaBOYHHKaXx IMO yPaHOBbl 
eat accieaat MgOQ-2U03-2SiO.-6—7H,O mpunucbipaetca por 
6uueckad cumMMeTpus, a=6,67 A, b= Por O Amer = teak OgHako B oe | 
(2) JIA CKJIOOBCKHTA yKa3bIBAeTCH MOHOKJMHHAA SJIeMeHTapHad cA 60K 
WeHTpupoBaHHaa (C), a= 17,28 A, b=7,03 A, ¢c=6,56A, B= ah a 
Ke B OObEMHOWEHTPUpoBanHoH (/) ycraHoBKe a= 16,71 A, B = 96°16’. pe 
cTpaHcTBeHHaa rpynma C2/m u, COOTBETCTBEHHO, 12/m. | 


Puc. 1. [Ipoexyua sneKTpoHHOl MIOTHOCTH CKOMOBCKHTa Ha mocKocTh xz. V30nnHnU 
cla6bIX TIHKOB MIpoBeseHbl uepes 10 eCAHHHU, H30TMHMH ypana / — BHauame _yepe3 10, 
3aTemM uepes 50 equHH 


OObekTOM Halllero HCCUIeAOBaHHA ObIIM KPHCTaNIbI CKIOZOBcKUTAa,* NON 
veHHble u3 MucTutyta reosloruud pyfHbIX MecTopoxeHui, neTporpacbun, MUE 
pasioruu u reoxumMun AH CCCP. Bce pentrenorpaMMbl CHMMaJIcbh ¢ OHO 
KpucTasia Cc pasMepamn 0,05 x 0,07 0,4 mM. 

Ilo penrrenorpamMam Jlays, KavaHud u Bpalllenut ycTaHoOBjeHo, 4 
KPHCTAJJI MOHOKJIMHHBIN; TapaMeTpbl OObCMHOMEHTPUPOBaHHOH 9s/leMeHTapH 
ayenku a= 16,74 A, b=7,01 A, c=6,59A, 8 = 96° xopowo corjacyiw1 
C flaHHbimMn (°). Sluelika comepxKuT Be (hopMybHBIe eQMHUIbI yKa3aHHc 
cocTaBa. 

Ha Cu-vaiysennn Obi CHATbI pasBepTKH HyveBoli, MepBoH, BTOpoti 
TpeTbeH CyOeBbIX JIMHHi BpallleHHA BOKpyr ocH b HW HYJeBLIX CJIOeBBIX JME 
BpallleHHA BOKpyr oceH auc. B pa6ore ucnomb30BauCcb B OCHOBHOM pasBep1 
CAOCBbIX JIMHHH BpaleHHs BOKpyr OcH b, BAO/Ib KOTOpOl KPHCTaIN BHITAH 
Tak KaK Ha CHHMKaX 10 OCAM @ MC JOJDKHO CHJIbHO CKa3bIBaTbCA Morsousent 

Orcytersue pedpiekcop c h+k+1=2n +1 nogtTBepauso o6bemH 
HeHTPHPOBaHHOCTh sueHKH. JIpyrux cucTemMarwueckHx moracaHuii He Ohi: 
Ce€HOBATebHO,  MPOCTpaHcTBeHHaA rpymna KpHcTalma—ojua 43 Tp 


Cy, = 12/m, C}= 12, C2= Im. B wavanpolt cTayuH pa6orsl npocrpalcTs 
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Haw rpylila OJHO3HaYHO OnpeedieHa He OblvlIa, HM TOJbKO B mpolecce onpeye- 
| J@HHA CTpyKTypbl Oblia mpunaATa rpynna C3, — [2/m. 

M3 npoexuni dbyuKunu Tarepcona MapaJJieJIbHO TP€CM KOOPAHHATHBIM ocAM 
Cpa3sy BbIABHJIHCb NOJIOKeHHA aTOMOB U: x — 0,259, y=0, z=0,115. [lo 
KOOPAMHaTaM aTomoB U pbluncuieHbl 3HakH Fjg, 1 nlocTpoeHa npoeKnus QJI€K- 
| TPOHHOH TvloTHOCTH (xz) (puc. 1). Atomam U COOTEETCTBYIOT MKH /. Tak 
j} Kak aTompl Mg fosixubl HaxO,MTECA B ABYKpaTHOM TNOJIOXKeHHH, TO B IpoeK- 
-WHH (XZ) MM, OUveBHZHO, COOTE€TCTBYIOT NHKH 2 Ha cepequHax oceH AUC 
|M Torfa CJleqyIoWMi, MpHMepHO Tako xe moO BbICOTe, MaKCHMyM 8 omKeH 
| ea one aTOMy KP€MHHA B YeTbIPeXKpaTHOM MOJOxKeHHH. O6o6menHple 
| Hpoekun \\p cos 2n Ky dy = >) >) Fake cos 2n (hx + lz) upp K=1 a 3 noxa- 


0 [pe Is 


Puc. 2. IIpoexuua crpyKtypbl cksOM0BCKHTa Ha MmocKocT xz. )KUpPHBIMM JHMHHAMH 
BbINeICHbI ATOMBI Ha BbICOTe y =!/,. Bombiiue ABOKHbIe OKPyKHOCTH — Mapbl aTOMOB 
O uw H20, cBa3anubie’ 3epKasbHOli} M0CKOCTbIO 


3aM, 4TO muKH /—7 BCce seKaT Ha OOK BbICOTe y= 0 (COOTBeTCTBeEHHO 
muku 1’—7’ Ha BbicoTe y= 1/.). ITO NosBOHO 3aKIIOUNTb, UTO MMKH 4 uO, 
OTcTosmNe mpHMepHo Ha 1,7 A oT muka 3, CooTBeTCTByIOT aToMaM O, cBa&- 
3aHHbIM Cc aTOoMoM Si 3. TlonoxKeHuA JByX J[PyrHX KHCJIOPOAHIX ATOMOB H3 
rpynnpr SiO,, no-BHAMMOMy, MepeKpbIBaloTcA muKaMH aToMoB U, H HX Koop- 
TwHaTbl ObIIM MpHHATbI W3 reoMeTpHyuecKHx cooOpaxKeHH. Terpasappr SiO, 
‘OKa3bIBalOTCA He CBA3AHHBIMH pyr c ApyroM, T. e. CTPyKTypa OPTOCHIMKAaT- 


Has. 
- Tink 6, B npoekinu (xz) JexKaluii Ha ocH x, B OOOOULeHHBIX mpoeKuHAX 


OTCTYMaeT OT OCH, TaK UTO OKAa3bIBAeTCA MPHMepHO Ha OHO NPAMOH c nHKaMH 
1 u 7. Paccrospun 1—6 wu 1—7 o6a nopsyka 1,9A, wm ecTecTBeHHO npeq- 
MOJOKUTD UMKU 6 HW 7 COOTBETCTBYIOILMMH KHCJIOPOAHBIM aTOMaM rpynnibl 
ypanua UO,. [ipyrne matb atomos Bosse aroma U (puc. 2), a HMeHHO To 
mpa atoMa Osjd u Os;8’, CBASAHHbIX 3€PKaJIbHOM MJIOCKOCTbIO, H Ogf, mexKaT 
MOUTH B OMHOM MIOCKOCTH, MepneHAKYJAPHOM K OCH ypaHUJI-rpymnel. 

Kucaopogusii atom 4 spasetca o6uluM Jia atomoB Mg 4 Si. Tuxu 8, 
pacnosiomwenuble BOu3H Mg, MbI OTOXKAeCTBHIH C NapaMH MOUJIeKyJI EHOs 
CBA3AaHHbIX 3ePKaJIbHOM MocKocTHO, H Torga Mg oKasbiBaeTcs 5 oKTaspuye- 
CKOM OKpy2KeHHM M3 ZByX aTOMOB O Mf UeTbIPeX MOCK H,O ( ). 

Kpome yka3aHHbIX MMKOB, B MpoekuMH (xz) u B oO6o06uleHHOH MpoeKHH 


cos 2x-lydy = }! >} Fiz C08 Qn (hx + lz) mpucyrcTByer MWK, OTMe4eHHBI 
Tee 


‘ 


0 
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a puc. 1 KpecruKoM, Ha BbICoTe y= 0. MorkKHO MpeAmOJIOXKUTb, “TO yeTbIpe 
TAaKHX MOJOKeHUA B AYelike 3aHATHI MoJiekysamu H,O weowmTHOrO THIIa. 


Ta6Oauua if 


KoopauHatbl 6a3HcHbIX ATOMOB CTPYKTYPbI CKJIOMOBCKUTA 
(B COTHIX WOmAX OceH a, b, Cc) 


U 25,9 0 11,5 Og oe | Ae eae 
Mg 0 0 50 Ogel 14,3 0 3,8 
a one eC oe Oy 2 37,3 0 18,9 
ent 2773 0 80 } Rae | 
Ox, 2 12,5 0 62,5 H20 

1 y 2 ] 


B ta6. 1 mpHBezeHbl! KOOpAuHaTbI Oa3HCHbIX ATOMOB CTPYKTYPbI CKJIOOB+ 
cxuta. KostbpulveHT pacXOMHMOCTH, KOTODpbIi BbIYHCJIAJICH MO 9THM KOOPAM- 
HaTam Jia pedmexcos AOL, nomyyenHprx Ha Cu-n3iyyenun (sind/A<0 10) 
pape 0,22. 

Paccrosuua Si—O Bs Si-terpasapax papubr 1,62—1, 68 A, npn pecpax 
tetpasnpa O—O (2,71—2,73A. B Mg-oxtasqpe Ba paccTOAHua Mg — 
coctapasiot 2,15A; Mg—H,O 2, 04 A; H,O—O or 2;92 yo .3,02A] 
Atompt O B rpynne ypaHusa orctoat or atoma U ua 1,92 u l, 93. A; arto 
Osi8 Ha 2,54A; Osjil Ha 2, 15Ac Wee Ha 32.00 An paccToAHHA Os 
BOKpyr U—s mpenetax 2,7—3,2 A. | 

CrpykTypy CKJOJOBCKHTa MOXKHO PpaCCMaTPHBaTb COCTaBJICHHOH U3 cy0e 
[(UOxz)2 (SiOs)2], anHanormuuHbIx CIOAM BCTpyKType ypaHodana (*), HO Napan 
J€NbHO CABHHYTHIX OTHOCHTeJIbHO pyr Apyra Ha NOJOBHHY NepHoa BOVE 
ocw c. Clow CBA3aHbI MexKZY coboi atomamu Mg. Ecam 3apaq cos KommeH 
cupyeTca BasleHTHOcTbhIO Mg, To oOfuH 43 aTOMOB O cmoa omKeH ObITb TH 
apokcuiom (OH). Ilo-Bagqumomy, 3To 6yeT OMHH M3 KHCJIOPOMHIX ATOMOB ypa4 
HHI-rpynnbl—Oy/ (mo cocegcTrBy c KOTOpbIM HeT YacTultb! H2O), xorsa He HCKJINO 
yYeHa BO3MOXKHOCTb HHOFO 3aMellleHHA; TAK, AMe€pHKaHCKuHe aBTopbl (*) mpex’ 
MOWIM OCTaBUTb rpynny ypaHusa UOz u qoOaBounbie H BBecTH B 4aCTb F207 
CelaB COOTBETCTBEHHBIC YaCTHItbl THAPOKCOHUAMH. 

@opmya CKJIONOBCKHTa, CormacHO mpeqowKeHHol Hamu cTpyKType: 
MgU202(OH)2[SiO]24H20. 


Bpipaxato riyOoky1o GnarogapHocth akag. H. B. Benosy 3a WeHHBIe copert 
H BHMMaHue K paoore. | 


VMuctutyT reoxuMuu u aHamuTuuecKkoi xuMHH Tloctynuso | 
uM. B. MW. BepnaycKoro 28 VIII 1958 | 
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Horsage Akanemun nayx CCCP 
1959. Tom 124, N: 3 


XHMHA 


M. A. }MHATPHEB, [. A. COKOJIBCKHM wu axagemux HM. JI. KHYHSHEL 


TIPHCOEXMHEHWE CEPHOrO AHIHJPHJIA K ®TOPOJIE®HHAM 


Bonpekw CJIOX%KHBINMMCA MpexcTaBleHuAM O TPYAHOCTH MpHcoequHeHUA 
CHJIbHbIX SJICKTPOMUJIbHbIX PeareHTOB K NOMM@TOPHpOBaHHbIM ONePHHAM OKa- 
»3aJ10Cb, UTO CepHbIM aHTHAPHA CpaBHHTebHO JIerKO MpHCOeMMHAeCTCA K TeTpa- 
ee TpHPTOpXNopsTueHy, TpudTopstuseny uv rekcadropmponnueny. 
-B 3aBucuMocTH OT MOJMuKalHM UCHOb3yemoro cepHoro aHruspusa mepBo- 
| HavaJIbHO OOpa3yIOULMMHCA NpOLYKTAMM PeaKUWU ABJIAIOTCA B-CyJIBTOHbI (B Culy- 
/4ae a-MOquduKallMu) usm B-nupocysbTOHDI (B culy4yae WuMepa cepHoro aHrUy- 
) puta). Tlopagok npucoequHenusa cepHoro aHrufplifa K HeECHMMeTpHUHDIM (prop- 
}ONePHHaM JOKAa3bIBaJICA aALMLOMETPH4eECKHM THTPOBaHHeM AJYKTOB C Mapas- 
, JI@IbHbIM OMpeseueHHeM THApoMMsyemoro raionfa. BwiszéseHHble WHkIMYeCKHe 
, MIpOyKTbl MpHcoesHHEHHA, HeEKOTOpPble HX Gu3u4eCKNe CBOLiCTBa MpHBeAeHbI 
B Ta6u. 1. 


Ta6uuna 1 


MR 
; a Sopmyaa See ee ial <n Se 
1 CPs CF 80, 33 1,6219 | 41,3050 |21,07 | 20,80 
i 2 | OFrCFs~S0-0-S0, | 105106] 1,7407 | 14,3470 |31,38 | 31,29 
| 3 CR AOFCI=80, 77-78 | 1,7269 |} 41,3670 |25,56 | 25,63 
| 4 GFe—CPHC SO 104—105| 41,7082 | 14,3530 |20,58 | 20,72 
5 aaa 42-43 | 14,6670 | 14,3000 |26,42 | 26,05 


AAAyKTbI peaklimu cepHoro aHrHspHya u PTOpOMePHHOB ABJIAIOTCA UPC3BbI- 
yaliHO PCaKIMOHHOCHOCOOHbIMM COeCMHEHHAMH HW SHEPIMYHO B3aHMOeCHCTBYIOT 
C TIpeACTaBUTeAMM PasJIMUHBIX KJaCCOB OpraHHyeCKUX HM MHHEPaJIbHBIX BEULCCTB. 

_B orpoMHom OOVIbUIMHCTBe CyuaeB NpH STHX PeakKUNAX oOpa3yloTca Mpou3Bog- 
HbIe (TopcopzepxKainx a-cysbpopTropuAKapOOHOBbIxX KUCJIOT. Tak, pu B3aH- 
MOJelcCTBHH TeTpacpTOpsTaH-B-cyJIbTOHaA C BOON BbINeeHa cyibpomropuyzyu- 
@TopykKcycHas KuCOTa CO CNMpTaMH, MepkKaliTaHaMH WM aMHHaMH ie a*upHl, 
THOSPUPLI H AaMHAbl STOM KUCJOTHI. JlaibHeiiiauMu MpeBpallleHHAMH ObLIM T0- 
wyueHbl aHruapuyA uw xsopaHrHApuy KUCJOTEI. Hexkoroppie “3 MpOHSBOLHBIX 
cyibporopusAupTopyKcyCHOH KHCJIOTBI H UX dbusuyueckHe CBOUCTBa MpHBeeHbI 
B TaO. 2. : 

B3aumoyetcTBue xJOpaHruypHya cymbpopropuAAUPTopyKcyCHOH KHCJIOTHI 
€ Tpex*TOPHCTOH CyPbMOH MPpuBOZHT K o6pas0BaHHio Mpenapata, ueHTMUHOTO 
© HCXOJHbIM TeTpadbTopsTaH-B-CybTOHOM. OCHOBbIBaACh Ha STOM IMKse NpeBpa- 
wienuli, Ha HeKOTOPbIX Apyrux CBOMCTBax aMyKTa, a TaKKe Ha U.-K. et 

1 


Ta6nauna 2 


MR 
iene ®Popmyaa Taken, <6 


F — SO, — CF, — COOH 153 1,7234 | 1,3602 22,81 |, 22a 
(F — SO, — CF, — CO),0 135—136 1,7444 1, 3530 42,02 | 41,86| 

F — SO, — CF, — CO — Cl 67—68 1,6419 | 41,3570 26,15 | 26,14] 
F — SO, — CF, — CO — OCHs 115 4, 5459" |, fi5510 27,38 | 27,47 


F — SO, — CF; —CO— OC3H;} 129—130 1,3965 | 1,3565 31,60 | 32,08 

F—SO,—CF,—CO—OCs3H7-i 142—143 1,3478 | 1,3595 35,98 | 36,70| 
F—SO,—CF,—CO—SCH,;CH,Cl | 108—109* | 14,5327 | 1,4533 45,33 | 43,14) 
F—SO,—CF,—CO—NH—C,Hs; | 104—105** — — — — | 


BHAOUHDWNE 


* Tipu 25 mM. 
** TemmepatTypa lJlaBJieHHa. 


AAYKTOB HM NPON3BOAHbIX a-cymb:potbrOpuAKapOOHOBLIX KHCJIOT MOXKHO mIpeg-| 
noJlaraTb, YTO MpOLYKTbI peak MpHcoeMMHeHHA CepHoro aHruspuga (a-Mo-| 
qucdukallun) K dropomesuHaM Ha CaMOM flee MpecTaBJAIOT COOOM AHHAaMUUe- | 
CKY1O CMeCb ABYX H3O0MepoB — WMKIMYeCKOroO B-cyJbTOHAa HM JIMHeEHHOrO udrop- | 
aHrHfpHfa cyibtboKapOOHOBOH KUHCJIOTEI: 


Cry CR S0,* SR Cache cores 
ay 5 ai i 


Tloctynuso 
16 X 1958 
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floxxann Akagemun nayr CCCP 
1959. Tom 124, Ni 3 


XHMHA 


E. He KAPAYJIOBA uIP. J. TAJIBMEPH 


— 


DKHCIIMTEJIBHBIM METOM BbIEJIEHHA CYJIb®YOB H3 CPEJHHX 
ft ®PAKUWMH HESTH 


(ITpedcmaeneno axademuxom A. B. Tonuuceoim 29 VII 1958) 


| Uccnenya HeoOpaTumble OKUNCJIMTeIbHbIeC NMOTeHMMalbl Ccepaoprannueckux 
jOequHeHuH, JlyKpannua u Tanpnepx (') ycraHoBusiu, uTo mpespatjenue 
|ybpud — cy bPoKcuA YeTkO OTTPaHU4YeHO OT OKUCIEHUA YFIeBOROPOTOB u cep- 
(MCTbIX COCAHHEHHHM Apyrux rpynn. Otum Opa Teoperuyeckn OOOCHOBAaHA BO3- 
MOXHOCTh HaXOKMCHUA yCJIOBHH CeJIEKTHBHOrO OKHCJIeCHHA CyJbpuyoB cper- 
1MX Ppakuni Hern fo cympcdoKcufos. Takue ycoBuA HaMH HeaBHO MO]06- 
faubl (”): OblI0 NOKa3aHO, TO MepeKUCbIO BOLOPOa B YKCYCHOM KHCIOTe MOXKHO 
COJIMYUCCTBEHHO OKHCJIMTb Cy JIbPUALI FO cyJIbPOKCHAOB,He 3aTparuBaa apoma- 
iM4eCKHE YIIeBOJOPOAbl U COeAMHEHHA PAJa THOdeHa *. MetonuKa paspa6oTaHa 
a HCKYCCTBeCHHbIX CMeCCAX, MPH 9TOM He ObIIO 3aMeueHO OOPa30BaHHA KaKUX- 
(MOO Apyrux NOMAPHbIX MpOAyKTOB OKUCJIEHHA, KpoMe cybcoKcnyoB. M3yue- 
(ime aycopOupyemoctu cybdoKcuyoB (3) NO3BONMIO MpulTH K 3aKJIOUCHHIO O 
O3MOXKHOCTH OTCJICHHA CYyJIb*POKCUAOB OT apOMATHUeECKHX YFIeBOOPOOB u 
WOeHOBbIX COeCIMHEHHH MeTOOM afcOopOWHOHHOH xpomatorpaduu. JlatbHeL- 
ad pa3spaOoTka Me€TOAUKH MpenapaTHBHOrO BbI-eeCHUA CyJbC~UAOB C MOMOLLbIO 
|@JIEKTHBHOrO OKHCJICHHA MW MocweLyroulero XpoMaTorpadupoBaHHA MpoBosu- 
(ach Ha He(TAHBIX ucTusaTax. B KayecTBe OObeKTa UCC/eqOBAaHuA Obi 


q 


Ta6nauna 1 


XapakTepHcTuKu MCCJIEMOBaHHbIX KOHILCHTPaTOB 


s 


cysb® 
Ne KOHUeHTpa- 20 s ] Bpixon, % K 
Ta "D oom, % % to a % K Soon HCX, Cepocany 
I 41,5220 7,98 WANS} 89,5 212 0,41 
II 1) GY 3,07 0,94 30,6 173 1,90 
II AL opYAG 3,92 41,118) 30,4 167 ioe 
IV 1 ,5430 3,82 Ano Het 164 fO5 
V | 41,5300 8,18 4,46 54,8 169 0,78 


33ATbI CCPHHCTO-apOMaTH4eCKHe KOHILCHTPaTbl H3 (paKkIMH POMALIKHHCKOH 
epru c T. Kun. 175—300° (BEIxon mpakuuu 17,2% Ha HepTb). Ota Hep — 
“HIMMUHBIA MpeACTaBUTeNb HedTel U3 JEBOHCKUX oTMOxKeHUH Ypano-IloBomKbA. 

Cepaopranuueckue COeAMHeEHHA, COfepxKallluecA B POMALIKHHCKOH HepTH, 
‘OBEPUICHHO He M3Y4eHbI. OTO MpHaeT CAMOCTOATEIbHbIM HHTePeC BbIeeHHIO 
‘VJIbPUMOB, COCTABMAIOULUX CYU[CCTBCHHYIO YaCTb CepaOpraHHyeCKHX COeAMHe- 
iMii CpeqHux (pakuwi poMaliKMHCKO Hedpru **. 

CepHucTo-apoMaTu4eckHe KOHIeHTpaTbl ObIIM MOJYYCHE! C. C. Hudouto- 
301, A. A. Cyaxosoli u MW. A. Mycaespim *** xpomatorpadupoBaHueM yka3aH- 


* Jlerue cybtbuOB OKMCAAIOTCA MEPKaNTaHbl, OOpasyA MPH STOM ciaOonosApHble WHcyJIb- 
DUJbI; ambHeliluee OKHCMeHHe DMCyAbUAOB B NOMAPHbIC KUCMOPOAHbIe MPOH3BOAHBIC MPOHc- 
COUT TOJIbKO Moce OKHCIeHHA CyJbPUAOB B CyIb(POKCHALI. 

** Hacroallad padota JomoxKexna Ha 4-4 HayuHoli ceccuu mo XMMHH Cepa-M a30TOpraHHnyeCKUX 
OeIMHeHUH, CosepxKaulMxcs B HepTAX HM HepremposykTax, Br. Ye B urone 1958 r., nogqpo6Hoe 
e@ W3a0%KeHHe OyfeT ONyOHKOBAaHO B Tpyfax CoBelllaHuxA, MOATOTAB/IMBAeMbIX K MeyaTH. 

*** Tlon pykopogcTsoM akag. A. B. Tonuwesa Bs JlaGopaTopHH, XMMuM HepTu 
m.C.C. Hamerxuna Uucrutyta neta AH CCCP. 
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Hol KepocHHOBol cbpakunn Ha cuuKarene ACM (‘). Ilocare ora 
MapadbuHOBbIX HM HadTeHOBbIX YIvIeBOAOPOROB Peres eet 

coOupaslacb B OTJe/IbHbIe (bpakWMu MO Mepe pocTa ene JI d Pe pees | 
NOJYUYeHHbIe PpakWMH XpOMaTorpaPupoBaMCb NOBTOPHO. KOHICHTP Be ; 
The HaMM JWIA UCCIeAOBAaHUA, OTMM4aIMcbh HavOoee BbICOKHM COepKaHu 


Ta6auua 2 


CysbOKCHAbI, MOMyYeHHEIe H3 POMAIIKHHCKOrO KepocuHa 


Conepxanne cy bh- 

Mysre oKcHfla, % K CyMMe 

Fee ern pe oes ed ee ee OxpyrseHHaa PopMya| Cy boKcHAOB, BbIT' 
n —x 


SJIEMCHTAPHOTO aHaJIH3a H3 JaHHOTO KOHICHT- 


KonueutparT | 


9,9 
Cio 95 Aig g95O4 38 2,90 pe ae 
C1952 Ho9 77504 03 2,27 12Ho9 : 
Cro 39 Hox 09591 18 ' _ 
C13, 05H, 59501 ,25 : _ CisHaaSO 42,7 
i2,70Fa3 0021 fe 

42,39 H93 39501 93 ‘ } 

C4547 Hog 4gSO4 93 2,46 CisH2gSO 13,6 


and 


KounueutTpaT I 


Cry not 45SOy 122 : ; A | Cys4HogSO 65 ‘ 3 | 
14,724,959 A i | 
C15 46Hog 61504 29 1 CHeSO 30 4 
: i 4 15tios 7 
C45, 53tlog 91504 74 3,05 j 
KouueutTpar III 
oe ge ; an \ C11H29SO 6,5 
C146 Haq 6 SOy 9 
C44 o5FL26, 4954 99 1,64 Cya4H2gSO 1S,2 
15,10! 42g 24504 06 1,99 CisHzsSO 1,9 
KonnexrtparT IV 
C44 g5Fo9 3350p 97 3,17 Ci2H2eSO 6,7 
C14 ,64F26,755% 07 ; ia + CueHaeSO 85,2 
13,56¢426 1994 04 ; 
KouueutpatT V 
C19, 13F lpg, 5,SOy 0,72 CioH2oSO 39,4 
Cy gato, 99504 46 0,64 Ci2H24SO 17,0 
12,540 24,2091 02 a 
12,9719, 93504 44 ; CysHy SO ose 
13,0815 93504 44 0,93 , 
13,67! 495, 70904 37 1,64 


cepbl. OHH BbIXO.MsIN Cc XpoMaTorpaduyeckuX KOJIOHH mocye dbpakunli c nz 
1,53—1,54. Caegyer oTMeTHTb, TO NOKa3aTenb MIpeJIOMJICHHA HX HME TeHeH- 
MMIO K CHHKeHHIO Np NOBbIeEHHH O6uLero COmepKaHHA cepbl (cM. Ta6az. 1). 

B ucceqyembiX KOHIeHTpaTax MeTOLOM NOTEHIMOMETPHYECKOFO THTPOBaHUsS 


((°) uw qanubie TasibnepH C coast.) 6bIu10 OmpeqeeHO CosepKanne cys‘puyHor 
084 


Wepbl. Sarpysky KoHueHTpata (nopagKa 200 Tr) CMCINHBasIM C paBHbIM KomMuUecT- 
(SOM JleqAHOH yKcycHOl KuCOTH! u mpu 20—25° mpHOaBaH 27-mpouweHTHyro 
IepeKuCcb BOMopola mpu Obicrpom nepememwuBanun. IIpu6nusntenbHo 3a 1 uac 
sBontusocb 110% H2O, or KomnuectBa, HeEOOXOAMMOrO JWIa OKHCAeHNA CyJIBcpu- 
OB B cyiboKcngzb. Cmecb mepememmmBasn ene 2 uaca vu BbIIMBaNU B TpoH- 
#10€ KONMYeCTBO Bomb. Uepes ~ 12 vac. BosHbili cnol OTJCAIM, OPranuyeckuh 
(JIOH OTMBIBAIH BOOM. BoHble BbITAKKH KOHIEHTPHPOBallH (BakKyyM BOJO- 
(:Tpylivoro Hacoca), mepHoquyecku 206aBnAA BOXy JO nomHOro yWaJleHua yKc- 
i/CHOH kKucsorbl. M3 octaTKa u3BJeKasu x0podopmMom Cyb(OKcHAbI. Opraun- 
Heckuh cio cyWusM XJIOpHCTbIM KasbUMeM uM xXpoMaTorpadupoBanu Ha cHuIH- 
ixarene ACK (90—200 mem, 225 r cuuiMKareia Ha 100 r aycop6ata). Konouny 
Qoc1eqoBaTenbHO HCYePMbIBaIOUe MPOMBIBaIM Je3apOMaTH3MPOBaHHbIM MeTpo- 
J ICHHBIM 9upOM c T. Kun. He BHIUIe 65°, TaGniwans 
/€H30J10M, XJIOPOPOPMOM H CNHPTOM. — Banane dpakunit” nocme okucleHua HM Xpo- 
VsYJIbOKCHAbI,  BBbI.eeHHBIe myTeM MaTorpadupopanHa 
3bILEOMMCAHHOM OOpaOoTKH KOHUeHTpa- (B pacuete Ha WcXOgHbIe KOHLeHTpaThl) 
BOB, NpencTaBJIeHbI B Tabu. 2. 
\ Han6onee wserxue CYJIbCPOKCHbI Nexonuen: 
H<13H2SO wu Cy2H,SO u3  KoHteHT- Tpata %-K. So6ny % ¥ Scyane 
poatos I, III, IV, a taxxe C,,H.,SO 
(43 KOHUeHTpata V BbIZeeHbI U3 BOJ- 


Bamanc 


}Horo cyon. ; + a a 

| Ilerponetuosdupxpiii pecop6ar’ * He Il 87” 98,8 
cofepxkal cysbPoKcHoB, TaM HaxoJH- IV 95,8 98,7 
HNIMCb CePHHCTbIe CoeqMHeCHHA, He OKH- V 95,7 96,7 


YciuBiunech HO, B BbIOpaHHbIxX Hamu 
hycmoBuax. BexsosioM 9ssIOMpoBaHbI TOKO cyvIbPoKCHAL! C53H2.SO u3 KoH- 
jueutpata I. Xsnopoctbopmom autoupopano 40,5% cysbokcuzoB C,;H,SO u3 
jKoHLenTpata | u 72,3% cysmbpoKcujoB CysH»gSO us KoHWeHTpata V. OcTaJbHble 
i cyboKcn br BbITeCHEHBI CHMpTOM. Cyfi mo cocTaBy CyJIb(pPOKCHAOB, MCXOJHbIe 
| cymbal NpeMCTaBJIAIOT COOOH MOJIHOCTbIO HaCbILLeHHble WHKJIMYCCKHe COeIH- 
jHenua. B Tpex mepBbIX KOHIeHTpaTax MpWCyTCTBYIOT JIMUIb THaOMILMKJIaHbl 
i o6ujeH dopmysmb C,H2,.S. B Konuentpate IV, Hapsyy c THaOMUMK/IaHaMH, 
| BbIeIeHO HeOosbIOe KOJIMYeECTBO THATPHLHKaHOB — C,Hen_,S. B KoHWeHTpaTe 
Iv HaXOMATCA TONbKO MOHOWMKIHYecKHe cyubipusb! PopMyvib! C,H2,S. Crpoenue 
| BLIJeJICHHbIX CYJIb(POKCHAOB NOAIEKHT MaJIbHeHINeMy H3y4eHHio. 
| Bananc dpaxunit, nowyuennpix nocie oKucieHusa HM xpomaTorpadupoBaHus 
(cm. TaOn. 3) noKa3bIBaeT, UTO MpeMIOwKeHHAH HAMM MeTOAMKa NOSBONMACT Hae 
#UENO OKHCAMTb HaxOjslllMecsH B KOHIWeHTpaTax CyJbpuAbI Ao CyJIb:pOKCHOB, 
{ MpakTuyeckn He 3aTparuBad Apyrue rpynnbl CCeqMHEHHH, HK OTAeMTb Cysbtp- 
OKCHAbl OT APOMATHYECKUX YIVIeEBOLOPOAOB HW HEOKHCJICHHbIX CePHHCTbIX CoeH- 
HeHHH. 
| IlpennoxKeHHbI MeTox, uMeeT OCOO0e BHAYeHHE WA TH3e/bHBIX Ee 
| CpeqHuX AMCTHANATOB HepTH, Tak Kak Oosblllad YaCTb CCPHHCTHIX COCAHHCH 
(B STUX HedTenpofyKkTax mpeyctaBssaeT coOoli cysbpusbl, a te ee 
{ KOMIMOHEHTHI MpelCTaBJIeHbl, B OCHOBHOM COeJMHCHHAMH, CPpaBHHTeIbHO TPYAH 
} OKHCJIAeMBIMH. 


| ViuctutyT nedru Tloctynumo 


1958 
Axafemun Hayk CCCP 29 VII 195 


LMTUPOBAHHAA JIMTEPATYPA 


_ I. Tanpnepu, Has. AH CCCP, OXH, 1956, 130. 

ee a sd Oe coeie oe mbnep 4, a HW TeXHOJI. TOMJ., Be vs 
E.H. Kapayaosa, T.C. Hopoxuaosa, A. Wi. Me k- 

) TI. IL A te cTOBa, power aHaJIMTHUeCKOH JlabopaTopHH et Heptu AH 
HeECCP, 1957 r “oust Vuct. nepra AH CCCP. * A. B. Towures, C. Oe upouH is 
pa, HA My caes, A. A. Cyuxosa, Oruer sa6opaTtopun XHMHH rae i te a, 
1956 r. Monae Vucr. ueptu AH CCCP. > B.T. Jlykbax Huta, ARC: eKp 4 


JIAH, 90, 1043 (1953). 


I 
mere, H. K 
ole Jh.+l-a 
Nauosa, 
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Jloxxagn Akagemun Hayk CcccP 
1959. Tom 124, Ne 3 


Axanemux | H. H. HASAPOB |, 10. A. THTOB u A. M. K Y3HELLOBA 


CTPYKTYPHAA HAMPABJIEHHOCTb JHEHOBbIX K OHJEHCAUMH 
i- VW 2-AJIKWJIBYTAJMEHOB C HECHMMETPHUHbIMH 
JMEHO®HJIAMH 


Bonpoc o crpykTypHOM HampaBeHHocTH KoHgeHcamui 1- u 2-anKun6yta- 
JMeCHOB C HCCHMMeTPHUHbIMHA AMeHOPHIaMM MIPHB/IeKasl BHAMaHHe MHOrHX HC-} 
cleqoBaTemeH, TaK KaK MOXKHO OblIO MpeANOOMKUTh, YTO TakHe PeaKUHH JOIK-} 
HbI MpOTeKaTb B OOOMX BO3MOXKHBIX HanpaBJIeHHAX C OOPasOBaHHeM B Ka? OMI 
cayuae JByX CTPYKTYPHbIX H3OMepOB: 


R R 
x yi, x % jo ( 
=0t= he nee 
\ rw, a x 

Kak 6bluIO MOKa3aHO MHOFOUHCJICHHbIMM padoTaMH, pH KOHJeHCallnax 2-au- 
KHJIOyTaqHeHOB C HeCHMMeCTPHUHbIMA MeHOPH/IAaMH [vlaBHbIMH MpOLyKTaME} 
peakUHW ABAAIOTCA Mapa-H30MepbIl. OAHaKO MPH KOHeHCallMAXx u30npeHa (179) 
WM HeKOTOPHIX Apyrux 2-anKumGyraquenos (°, *, 1°-12)c HeCHMMeTPHUHbIMH JHe- 
HOpusiaMu u3 OOpasyroulelicA CMeCH ayKTOB yalOCb TaKxKe BbIJCHTb MW 3Ha- 
YHTeIbHbIC KOJIMUCCTBA MeTa-H30MePOB. 

Peakuun c yyactuem l-ankumOyTaqHeHOB MpoTeKaloT Ooee CTPpyKTypHO! 
M30UpaTeIbHO, HW MOMPOe BPeEMA CUHTAaOCb, YTO MPH KOHeHCalMAX Takoro THMA} 
oOpasyloTcA TOMbKO OpTo-H30MepbI. JIuuIb HefaBHO B ayKTax mumepuena 
(?, ®, 18) uw 1-rperuuHo-6yTua6yTaquena (12) c HecuMMeTPHYHBIMH JMeHOpuaMn | 
yAalocbh MOKasaTb HaIMYMe HEKOTOPbIX KOJIMYECTB MeTa-H30MeEPoOB. 

C Webio CHCTeMaTH¥eCKOrO HCC/IeELOBaHHA BAMAHHA OObEMA AMKHJIbHBIX 
SaMeCTHTeNeH B AueHe HM AMeHOPpuse Ha COOTHOWEHHe OOPa3sylOWLUXCA CTPyKTYyp- | 
HbIX H3OMEPOB MBI M3YYHJIM AHeCHOBbIe KOHJCHCaLHH S*UpOB aKPHJIOBOH, MeTaK-| 
PHJIOBOK M a-M30NPONMaKpHNOBOH KUCOT Cc H30MpeHoM, 2-nponus-, 2-u30mpo- 
MMd- WM 2-TpeTu4HO-GyTHOyTaqMeHOM, a Take munepueHom, 1-uv3s0nponua-, | 
1-6ytui- nu 1-rperuuno-GyTum6yTaqueHom. Bce KoH,eHCallHH MpoBosMINch B 
OAMHAKOBBIX YCJIOBHAX — HarpeBaHHeM CMe€CH KOMIMOHEHTOB B CTaJIbHbIX aMITy- 
jax mp 200° B TeueHne HeCKONbKUX 4acoB c JoOaBeHnem 0,1—0,2% rugpo- 
XMHOHA B KauecTBe HHrMOuTOpa NomuMepusalun. Jia OWeHKH COOTHOLIeCHHA 
CTPYKTYPHbIX H30MepoB Obl H36paH OOUlM MeTOX, OCHOBaHHbIM Ha erugpu- 
PoBaHMM NMOMyyaloulelica CMecH afyKTOB Haq 15—20% manmaquem Ha yrue 
mpu 340—350° uw oKkucneHuM O6pa3yloulMxca aMKUIOeH3OMHEIX KUCHOT WIM 
AMANKHIOCH300B XPOMOBLIM aHTHAPHOM WIM pasOaBeHHO as0THOM KuUCMO- 
TOH B CMCCb H30MEPHbIX (PTaeBbIX KHCJIOT, KOTOPble paseAIuCb MyTeM KpH- 
CTaNIM3alun ux OapHeBbIX Coyle. B HeKOTOPbIX CAyYaAX COOTHOLIeHHe H30Me- 
POB yaBalOCb yCTaHOBHTb HemocpesxcTBeHHO WpoOuow Kpuctasusaunel o6- 
Pas ytlouwluxca ayy KTOB. 
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¥ 
| Bcayuae 2-arkum6yTaqueHos cocraB oOpasyroulelica cMecu alyKTOB OBI 
§cTaHOBJeH MO cuemyroulel cxeme: 


es ge — 
; ACH, ; 
R CO.H _\R RJ HO,C CO,H 


R=CHy; C3Hy; u-C3H;; ie SBOE 
R=H; CH3; 2-C,H, 


Tlomyuenuble pe3ybTaTh CBeqeHbI B Ta6Om. 1. 
Ta6auna 1 


Konjencalnu 2-anKkuiOyTaqveHoB C HCCHMMeTpHYUHLIMH MeHOpUuaMH 


Cooruole - 

Fluen (R) |Huenodun (R’)|Brixon aazyKra, % T. Kun. Moxasar. npesoms.| “Nerachao. 
MepOB 
CH3 H 84 (2 uaca) 88—90° 16 mu | n2 1,4655 od 
CsHz H 81 (2 uaca)} | 132—134°/30 mm | n? 1,4650 | 2,4:4 
| u-CsHy H 65 (5 vac.) | 106—109°/12 mm | nz} 14,4640 oad 
wpeT.-CgHy H* 47 (5 vac.) | 109—112°/10 mm | 7%} 1,4676 3,5:4 
_ CHs CHs 66 (2 vaca) | 92—94°/12 mm| np 1,4620 | 2,5:4 
2 CH, CHs 65 (2 vaca) | 133—135°/30 mm | mp 1,4622 | 3,4:4 
u-CaH, CH, 40 (5 vac.) | 106—110°/12 mm | np 1,4600 | 7,3:4 
rper.-C4Hy CH* 36 (5 vac.) | 110—112°/10 mm | np 1,4620 10:4 
 CH3 u-C3H,** | 43 (15 yac.) | 105—108°/10 mm | mp 1,4676 | 4,2:4 
—u-C3H; u-C3H7** 31 (10 uac.) | 140—114°/10 mu ni 4 ;4703%9"| 4454 


rper.-CaHy | u-CHy*,** | 15 (10 uac.) | 123—126°/10 mm | %p 1,4275***) "apa? 


* CooTHouleHHe H30MepOB YCTaHOBJIeHO HemocpeCTBeHHOH KpHCTaNIMsalnueH aAyKTOB 


OCJI€e OMbI.IeHHA). 
** KoHJeHCaUHA MpOBeeHa C STHJIOBLIMH SPHpaMH. 
*** AnnyKTbl COfepxKaT HeOTAeJMMyIO MeperoHKoH MpHMecb AMMepOB HCXOAHOrO jMeHAa. 


V3 npuBexenHbix JaHHbIX BUZHO, ITO C POCTOM OObeMAa AJKHJIbHOTO 3aMmec- 
Ted B 2-alKuNOyTaquene HU [ueHOpuse yBeIMYMBaeTcH CTPykKTypHaa u30u- 
ITEJIbHOCTh PCAKIMH, HW OTHOCHTEbHOe KOJIMYCCTBO MeTa-H30Mepa B OOpa3yto- 
eHiCA CMeCCH aJIIyKTOB pe3KO CHM KaeTcA. 

[lporuBono0x*Had 3aKOHOMepHOCTh B OOpas0BaHHH CTPyKTYPHbIX M3OMeEPOB 
TaHOBIeHa B Cyuae l-alKUIOyTaqHeHOB, JIA KOTOPbIX CXeMa OMpeNeeHHA 
OTHOWIeCHHA H3OMeEPOB HM MOUYYeCHHbIe pe3yJIbTATbI MPHBeACHb!I HWXKe. 

Kak BugHo u3 Ta61. 2, B cryuae l-ankKumOyTaqMeHOB OTHOCHTEJIbHbIe KOJIH- 
CTBa MeTa-H30Mepa B OOpa3yloulelica CMeCH aYKTOB 3aMCTHO BO3pacTaioT 
YBEJIMUCHHEM OObEMA AJIKHJIbHOFO 3aMeCTHTEIA B MeHe H AueHOPpue. 
587 


R R’ R R CO,H 
COH R’ 
(fo (y 2 Ss is 
| — ae 

* R R R CO;H 

\ 
ak = 

CO,CH, yy 

R CO,H R) eC 


R=CHy72—C.H7; CG. mpem-—C,Hy 
R’=H; CH, ; u-C,H, 


a 
‘pees 


tN 


OH: 


Ta6muna 2 


KonjeucalHu {-ankun6yTaqveHoB Cc HECHMMCTPHYHbIMH WueHnodusamMu 


KoucTaHTbl ad yKTOB 


Se INS St Ie 2 eS Ee CCL Seo ty COO TORE 

Bpixoq ay yKTOB Hue OpTO- | 

Tivex (R) Huenodun (R’) 9 ? nokasaTeJIb MeTaH3o- 
i BONS npesioms.( 17, ) ME€PpOB 


H 85 (2 uaca) 94—97 °/30 mu 41,4580 6,8:2 
u-C3Hy H 60 (5 ac.) 99—101°/10 mm 4, 4633 58) | 
CyHg H 74 (5 uac.) 143—146°/40 mm 41,4660 5,134 

Tpet.-C4Hy H 76 (5 uac.) 122—125°/20 mm 41,4665 4,134 
CHs3 CH3 68 (2 yaca) 88— 91°/15 mm 41,4634 4,9 28 | 
u-CgH7 CHgs 52 (2 aca) 113—117°/20 mm 4 ,4642 3,4:4) 
TpeT.-CaHyg CHs3 75 (2 uaca) 4132—135°/25 mM 1 ,4735 2,638 
CH3 u-C3H7* 33 (15 uac.) 102—105°/8 mm 41,4670 2.08 
u-C3H? u-C3H7* 32 (10 yac.) 118—124°/10 mm 1 ,4682** aa 


Tpet.-CaHy u-C3H* 19 (10 ac.) 435—140°/25 mm 1 ,4680** 


* KonjeHcallua MpoBeseHa ¢C STHJOBLIMH acupaMu. 
** AnNYKTbl COsepKaT HeEOTJeHMYIO MeperoHKOH MpHMecb MCXOAHOrO AHeHA. 


Takaad pa3Hulla B COOTHOWICHHM CTPyYKTYPHBbIX H30MepoB Aa 1- H 2-anKH 
OyTaqueHOB HE MOXKeT ObITb OOBACHe€HA TOJbKO H3MCHEHHAMH B 3JIEKTPO 
HBIX S(pPCKTAX AaJIKMJIbHBIX PpylM, Tak KaK B 3TOM CJTyyae B OOOMX pAax TMeH 
COOTHOLICHHE H3OMEPOB H3MeHAJIOCb ObI B OMHOM HalpaBsieHun. 

TlonyyeHuble pesyIbTaTbI, MO-BHAJHMOMY, MO?%KHO OObACHHTb CHJIbHbIM BJP 
AHWEM CTePpH¥eCKHX (aKTOPOB, NOCKOJIbKY MpH YBeMYeHHH CTepHyecKoro : 
TaJIKHBaHHA 3aMeCTUTeeH C BO3PpacTaHHeM HX OOBEMAa MOXKET YBEMMYHBAThC 
NOIA TeX W30MepOB (MeTa-H30MepoB JIA 1-3aMeIeHHbIX H Mapa-H30MepoB — 
JIA 2-3aMCUCHHbIX JHEHOB), OOpas0BaHHe KOTOPbIX MPONCXOAUT Yyepes MeHE 
MIpOCTPaHCTBeHHO 3aTPyHEHHbIe MepeXOJHbIe KOMIMJICKCHI. 


VWucrutTyT oprannyueckoli xumun um. H, J. 3ennucKoro Tlocrynuso 
AkajlemMuuw HayK CCCP 1 X 1958, 


UMTHPOBAHHAA JIMTEPATYPA 
1K. Alder, W. Vogt, Lieb. Ann., 564, 109 (1949). 2. H. Hasa po! 
3 


A.W. Ky3neuosa, H.B. Ky3Heuos, KOX, 25, 88(1955) 3J. Meinwal 
H.C. Hwang, J. Am. Chem. Soc., 79, 2910 (1957) 4R. Pummerer, F. A 
debert, H. Sperber, Lieb. Ann. 583, 191 (1953) 5 A.A. Tletpos, H. HW. @ 


m0B, )KOX, 27, 1795 (1957). © L. E. Miller, D. J. Man n,'' J. Am: Chem-See 
72, 1484 (1950), * A.J. Lauck, Diss. Abstr., 17, 240 (1957)... °® J. CSP Mee! 
R.T. Merrow, S.J. Cristol, J. Am. Chem. Soc., 74, 2667 (1952).:; 1% He iHiaeae 
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net, M. Mousseron, Bull. Soc. Chim. (5), 23, Ne 3, 391 (1956).** “22K At die 
K. Heimbach, E. Kihle, Ber., 86, 1364 (1953). 128) ORT LASaF faa 
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Hornayn Anagemunu wayrx CCCP 
1959. Tom 124, N 3 


XHMHA 


€. C. HOBHKOB, A. A. ®AMH3HJIBBEPT, C. A. WIEBEJIEB, HW. C. KOPCAKOBA 
u K. K. BABHEBCKHM 


OB HHTEPECHOM CJIYYUAE H30MEPH3ALIMN B PALY 
HACbILJEHHbIX AJIM®ATHYUECKHX HATPOCOEJMHEHMK 


(ITpedcmasaeno axademuxom A. B. Tonuueeom 14 VII 1958) 
_ IIpw u3yyenum xumuyeckux cBolcTB HezaBHO NosyyenHoro 1,1,1,3-Terpa- 
HTponponana (*) Mbl HalIM, YTO STOT MNOJMHUTPOaKaH B MpHCyTCTBHH aMMH- 


Ka MpeBpalilaerca B M30MCPHbIM CHMMCTPHYHbIM TeTpaHuTponpomas (BbIzemA- 
MIMHCA US PCaKUMOHHOH cpeybI B BUC THaMMOHMEBOH Coun): 


NH,OH 
(NO2)sCCH,CH,NO, ———> NO.,CCH2CNO, 


I I 
NHsgO.N  NOsNHg 


Hapsyy c CHMMeTpHuHBbIM TeTpaHuTpoNponaHom oOpasyetca Hemuoro 1,1,3- 
PHHUTpoNponana: 


NH,OH 
aoe NO2CCH,CH», NOg 


I 
NO:NHg4 


(NOz)sCCH,CH,NO, 


-TIpu 3amMeHe aMmuaka Ha Oovlee CHJIbHbIeC OPraHH4eckue WIM HeOpraHuyeckue 
CHOBaHHA CHMMeTPHUHbIM TeTpaHHTpoMponaH He OOpasyeTcA, HU CAHHCTBEHHbIM 
POAYKTOM peakliwu OKa3biBaetca 1,1,3-rpuHuTponponaH. Tak, npu JelcTBuu 
umMeTHsiamuna Ha 1,1,1,3-TerpanuTponponan - BpIxog 1, 1,3-TpHHuTponpomaHa 
octuraet 73—74%. 

O6pasopanue 1,1,3-TpuHuTponponaHa OODACHAeTCA OTULeMIeHHeM HUTPO- 
PyIMbl OT TPHHUTPOMeTHJIbHOK rpynnupoBKu 1,1,1,3-rerpanuTponponana nog 
JIMAHHEM UWlelOUHbIX cpeqcTB. B npucyTCTBHH aMMHaKa 9STOT Mpolecc uyer 
apaselbHO wu30MepH3auuu 1,1,1,3-TerpaHuTponponaHa B CHMMeTPHUHbIi 
eTpaHMTpomponav MU ABJIACTCA KOHKypHpyrouleH c He peakUmeH. B mpucyr- 
TBHH 2Ke Ooee CHJIbHbIX OCHOBaHH, 4YeM AMMMaK, peaKIMA U3OMepH3allHu 
PaKTHYeCKH MOJIHOCTHIO NOMaBIACTCA, H MPOMCXOMUT JIMIUb OTILeEMIeHHe HATPO- 
pynnst or 1,1,1,3-rerpayurponponaua. 

OntuMaibHble ycnoBua ia uzs0mMepH3auuu 1,1,1,3-rerpanHuTponponaHa B 
UMMETPHUHbI TeTpaHHTpOMponaH TaKOBbI: TemMnepaTypa 0°, Bpema peakMu 
—2 uaca, cpeya —BOJHbIM CHMpT (B HENOJAPHbIX PaCTBOPHTeIAX PeaKIHA 
e ujer). B Tux yCNOBUAX BbIXO AMaMMOHHEBOM COM CHMMeTPHYHOrO TeTpa- 
uTponponana coctaBaner 40%; Hapsyy c Heli OOpasyeTcad HeEMHOrO aMMOHH- 
Bolt cou 1,1,3-TpuHuTponponana. JlelicrsueM xsOpucToro KaJIHA STH AMMO- 
weBble COM MOryT ObITb MepeBeyeHbl B KasMeBbIe MpousBosuble. M3 AuKavne- 
of COM CMHMMeTpHUHOTO TeTpaHUTpoNponana AelicTBHemM Opoma OblI MoyyeH 
OOTBeTCTBYIOWMIMH  MuOpomug — 1,3-qu6pom-1,1,3,3-rerpanuTponponan. Bee 
OCUMHCHUA, MOUyYeHHbIe B HacTOAel paOore, OMMCaHbI BIMepBble. Cuenyet 
TMeTHTb, 4TO MpeBpauteHue 1,1,1,3-TerpanuTpomponaHa B CHMMeTPHUHBIM 
eTPAHUTPOMpONaH ABMIACTCA MePBbIM CJly¥aeM H3OMePH3allHH C MepeMelleHHeM 
UTPOrpyMbl B PALY HACHIMLCHHbIX asMaTHYeCKUX HATPOCOCAMHCHHH. B Ha- 
rOAee BPCMA Mbl H3y4aeM MCXaHH3M STOH HHTepeCHOM peakI{HH. 
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IKcMmepuMenHTaNbHawH YACTH 


Vcxonupiit 1,1,1,3-rerpanurpomponanH Obl NOTyyeH MpHCoeHHeHHeM HF 
potbopma K HuTposTuueny (*). 

Usomepu3aulua 11-reTpanuTponponmana 
11,3,3-TerTpaHuTponponaH NOX ROHCTBHCM AMMHAKE 
K pacrsopy 2,24 r (0,01 mons) 1,1,1,3-rerpaHuTpomponanHa B 20 mu cnMpt} 
joOaBlau MmpH mepememtuBanun B Teyedue 20 Muu. 1,5 Mu (0,02 Moar 
30%-ro BOHOrOo aMMuaka, HOssepxKuBan Temnepatypy 2—4 (oxaKneHH} 
JIbMOM); TOCce OKOHYaHHA MpnOaBeHHsA aAMMMaKa MepeMelIMBaJM 2,5 be i 
mp 0°, 3aTeM TULaTebHO OTCACHIBaJIM BbIMABILIMH 2KeITbIM OCaOK, Tpeph 
cTaBIABLIM Cobol MuamMoHHeBy1o coulb 1,1,3,3-rerpaHuTponponana (uy 
Tpat Coxpananu Wid ManbHeimei padorp). Bpxog 1,05 r (40% 
Sry comb pactsopawu B cmecu 10 Ma cmupta u 20 Mi BOsbI, ROOaBIAI 
2 r xMOpucToro Kaa, MepemMemtuBaiH euje 15—20 MHH., OxaKJaN JbOM 
OTPUJIbTPOBLIBAIM EITYIO KPHCTA/WJIMYeCKYIO AMKAaJIMeBy!O COJIb 1,1,3,3-re 
PpaHUTpONponava, MpOMbIBaH ee HeEOOJbUIMM KOJIMYECTBOM JICQAHOM BOAbI, 3a 
TeM — 10 Ba pa3a — HeOOJbLIMMM NOPWHAMM alleTOHa uM Sc*pupa HM BbICYWIMBAL} 
Ha Bosfyxe. Bprxog | r (33,3%). Comb nepeKpHCTaJJIM30BbIBaJIM U3 BOLbI MIpl 
50—60°. T. pas. mepeKpucrasmu30BaHHoro OOpasiia 225° (np O4eHb ObICTpoO! 
HarpeBaHun). 

Hatineoo %: K 25,72: 25,72: C 11,865 12,18; Hi 0,91:-0,97; N 18,695 18i05 
CgHeNaOgKe. Batuncneno % : K 26,03; Gil99 EOL 675 N 18,66 


TloppmueHwe HIM NMOHWKeHHe TeMMepaTypbl YMCHbUaeT BbIXO, CHMMeTPH4 
HOFO TeTpaHUTpONponana; YBeMYeHHe MPOMOMKHTEMbHOCTH peaKIMH, a TAKK¢ 
KOJIMYeCTBA AMMMaKa HE BJIMACT Ha BbIXOJ. | 

K cnupToBomy (puJibTpaTy, OCTaBLIeMyCA Moce OTTeJIeHHA JHaAaMMOHHEBO) 
COJIM OT pe€aKUMOHHOH CMecu, OOaBAM Mp OXJlaxKeHHN Jb0M 20 Ma Bobi) 
3aTeM BHOCHJIM TIpH mNMepemeliMBaHiu 2 Tr xJOpHCcTOrO KaJIMA, NepeMelMBa| 
emle 15—20 MHH., OTCaCbIBaIH %KeJITHI OCaOK, MpexcTaBIABWIHH Cobol Mc’ 
HoKalMeBy!o comb 1,1,3-rpuHuTponponaHa, NPOMbIBaIM HeEOObUIMMH KOWJIMYe 
CTBaMH JI€MAHOM BObI, CHUpTa, s*pupa U BbICYIUMBasIM Ha BOsAyxe. Burxog 0,151 
(6,9%). T. pasa. coum, MepeKpucTasIM30BaHHOH U3 BOA, 211 —213° (mpu cKo 
pocTtu HarpeBaHusa 5° B | MmuH.). 


Haiineno = % :_ K 18,33; 17,99; N 19,65; 19,84 
CsHaNgOgK.(Bpiuncneno %[: K 18,00; N 19,35 


M3 aqukanuepoh comm JelicTBHeM CepHOH KHCJOTHI MOxeT ObITb BBIeeH 
cpobognbii 1,1,3,3-rerpanntponponan: K cmecn 3 r (0,01 mona) uncTol mnKa+ 
AueBow con 1,1,3,3-rerpanutponponana, 20 ma Bogs u 40 Ma sdbupa npuOas- 
JAM MPH NepeMenMBaHHH HW OXJaxKTeHHH bLOM 9 Ma xXONO_HOH 20%-H cep 
HOH KHCJIOTbI, MOMep2xKuBaa Temnepatypy O°. Sdbupupili cok oTAeAIM MW BBL 
CYWIMBaIM MpOKayIeHHbIM CyIbspaToM MarHusa. Ilo ucnapenun supa noswyyany 
1,9 r (85%) xxenToro Maca, npencTraBsoNero coboit 1,1,3,3-rertpanuTponpo 
mau. OH, B oTsMune or u30mepxHoro 1,1,1,3-rerpanuTponponanHa, pasuaraetcs 
pW CTOAHHH Ha Bosfyxe. [Ip BsanmoyelicrBud C AMMHaKOM B_  CyxoM 9cbup- 
HoM pacrBope 1,1,3,3-rerpanuTponponaH riaqKO mpeBpalaercsa B OxKUaeMyIC 
7AMAMMOHHEBYIO COJIb, KOTOPaA WeHCTBHEM XJIOPHCTOFO KaJIMA MOXKET ObITh BHOBH 
mepepeweHa B JuKasIMeBy!0 COD. | 

Tlonyuenne 1,3-4u6pom-1,1,3,3-TeTpauutponauna. 12r(0,004mo 
Jt) IUKanueBon conn 1,1,3,3-rerpasuTpomponana nokpbipatnH 12,5 ma cyxor 
ocupa M MOCTeNeCHHO AOOaBIAIM MPH NepeMelIMBaHH MH OXNAaKTeHMH WeLAHOI 
Bono 1,31r(0,008 mons) 6poma. 3arem mepememmuBamu ene yac IPH KOMHaTHOH 
Temnepatype, sPupHbiii pacrBop orzemamu, ocaqoK (6pomuctiit KaJIMH) mpo- 
MBIBaJIH SCPUPOM, COeAMHEHHbIe XPUPHbe pacTBOPbI BLICYIIMBaNH Hal XJIOPHCTBIM 


KaJibiineM, sup McMapsAJIM, KPMCTaMYeCKUH OCTaTOK MpeycTaBrsan co6oii 
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| 


t.,3 - quOpom - 1,1,3,3-rerpanntrponponan. Baixo, KommuecTBeHHBI, T. 11s 69— 
H59,5° (u3 CCl,). 
ii 


Hatieno %: Br 41,52; 41,44 
CsHeN4gOgBry.Batruncsieno % : Br 41,84 


types pamenue 1,l,l3rerpanuurponponana B 1,1,3-rpu- 
WuUTpONpOMaH BMPHCYTCTBHYNM AYMeCTHMAMH Ha. K pacrBopy 
2,24 r (0,01 mons) 1,1,1,3-rerpanutponponana B 15 Ma cnupta npuOaBanu npH 
JI€PeCMeIUMBaHHA M OXJaKeHHH bAOM 3 Mu (0,02 mona) 33%-ro BogHOoro pac- 
“rBopa JMMeTHJIaMHHa, NofiepxuBaa Temnepatypy O°. Ilocne npu6apnenna 
MIMMeTHIaMHHa MepeMewmMBaiH eye 30 muH. npu O° uw 3atem | uac npn 10°. 
i MOJIYYeHHOMY TeCMHO-KOPHUHeBOMY PpacTBOpy ObaBJAIM pH NepeMeliMBaHHH 
115 Ma Bob u 3aTem 2 fr xsOpuCTOrO Kalua, MepememmBasu euse 15 MuH., Oxa- 
Pxqanu go 5°, oTbusIbTpoBLIBaJIM KPUCTadIuueCKyIO MOHOKasIMeBY10 comb 1,1,3- 
)IPHHUTpONpoNnaba, MPOMbIBaJIM Ce HEOOJIbINMMH KOJIMYeCTBAMH JI€AAHOM BOLE, 
femupta, 9pupa u BHICyWIMBamIM Ha Bo3nyxe. Bprxog 1,6 r (73,7%). 


Vucrutyt opranuueckow xumun um. H. JI. SemuucKoro Hloctynust0 
Akajemunu HayK CCCP 11 VII 1958 


UMTHMPOBAHHAA JIMTEPATYPA 


TR. Kirk, D. Othmer, Encyel.Chem. Technol., 9, 451 (1952). 


594 


Jloxnxann Axanemunu nayx CCCP 
1959. Tom 124, N 3 


B. B. MEPEKAJIMH u K. C. MAP®EHOBA 


CHHTE3 MPOM3BOAHbIX WHKJIMUYECKHX $-JMKETOHOB 
(ITpedcmaeneno axademuxom M. H. Ka6atnuxoesim 23 VIII 1958) 


Pa3BuBand HCCIeAOBaHHA B OOACTH HeMpeeIbHbIX HATPOCOCMHEHHH, Mb} 
H3YUMJIM UX PeaKUHIO C HEKOTOPbIMM WHKJIH4YeCKMMH 8-MKeETOHAMH. 
Ileab paOoTbI 3aKIO4Uaacb B OCYIIeECTBJICHHH CHHTe3a Pa3JIMYHbIX WHKJIN- 
yeCKHX B-2MKeTOHOB, 3aMeLeHHbIX MO aKTHBHOM MeTHJIeHOBOH rpynne. 
Vutepec mpeaqnpuuatoro uccmeyo- 
BaHHA YCHJIMBaJICA BO3pPOClIMM cbapMa- 
Buixog B mpoentax* KOJIOTHYCCKHM 3HAYeHHeM LM KJIM4eCKHX 

Mpony«t 8-MKETOHOB, HallleqWMx LWMpOKoe pH 
peaKuwH i}  Genson | MeTaHon MeHeHve B KaueCTBe AHTHKOAryJIAHTOBE 
Kposu (peHusIMHAaHAHOH-1,3). M3BecTHp | 
TakoKe yKa3aHHA OO UX CNa3sMoOuMTHYe-) 


Ta6Oaunma 1 


(V) 76 45 6 - 

(VIT) 54 93 CKOM MW aTPpOMMHOMOOOHOM jelicTBUH.| 
(VII) 83 Peakuna He HJeT KoHjeHCaluaA pa3JIM4HbIX WMkKIMYe 

(IX) 59 45 ckux 8-—WKeTOHOB (uMeOHa, HHaH- 
(XT) 89 Se WuoHa-1,3,2-cenumuHanquona-1,3) 4 


MIPHMbIKalOlWlerO K HHM 4-OKCHKYMapH- 

* Bpema peakuwu 1 yac. Ha c cepHei aMdaTuyuecKHxX, apoma- 
THYeCCKHX H TeTepOWUMKIHYeCKUX He- 

MpPeCMebHIX HATpOcoeAMHeHHH ° OblIa OCYWIECTBIeHa B MPHCyTCTBHH OCHOB-' 
HbIX KaTaJIM3aTOPOB (MeTHJaT HaTPHA, TpH9THaMHH) B OpraHMyecKuXx pac- 
TBOPHTeAX (MeTaHON, OeH30) Mp KOMHATHOIi TemnepaType. 
x Scr, + CH=CHNO, —>— aC N(CH —CH.NOdn 
roar cor | 
R, R, | 

| 

| 


fey 
R,=H, aakua, apha, rerepounkay n=1,2, Seale Stats 


C UMeQOHOM JIMUIb HUTposTHeH (6e3 KaTamu3aTOpa) B3aHMOselicTBOBa B 
KOJIMNeCTBE 2 MOJI.; C APOMATHYCCKHM HHHTPOOePUHaMN OOpasoBbIBaINCb Mpo- 
AYKTbI MOHOMOJIeKYIAPHOrO MpHcoequHeHHA. OAHakO HHAaHAMOH-1,3 co BceMH 
MCIBITAHHDIMH HHTpPOOMePuHaMM (HUTPOSTHeH, B-HUTPOCTHpOM, dypuAHUTpO- 
STHJICH M THCHHJIHATPOSTHJICH) PearHpoBal 38a CueT OOONX aTOMOB BOMOpoa 
MeTHCHOBOH rpynmbl. 4-OxcukyMapHH yJalOCcb CKOHJCHCHPOBaTb TOsbKO 
C B-HHTPOcTMpOOM; aJIMaTH4¥ecKue HUTPOONeUHLI (HUTPOSTHNeH) NOMMepH- 
SOBAIMCb B YCIOBHAX PCaKIMH, a APOMATHYECKHe HUTPOOMePUHHI, CcomepxKaLue 
B 6€H30J1bHOM KOJIbILe HYKeOuJIbHbIe SaMecTuTesM (4-—uMeTHIaMHHO- u 4-Me- 
TOKCH-rpyttibl), He pearupoBaIM C HUM BCJeACTBHe NOHWKeEHHOM AaKTHBHOCTH. 

@opmyvIbI, CHHTeSHPOBaHHBIX BeMecTB, ycOBHA peakKWMH UM pe3yJIbTaTHI 
aHaJIM30B MPHBeeHb! B Ta6m. 2 u 3. 

B ucceqoBanvoi peakiuH MeTHJI@HOBLIe KOMMOHeHTHI MOXKHO pacnoJOKUTB 
MO yObIBaloulel AKTHBHOCTH B NIPHMepHbIM pA: 2-ceHumuHAan_uoH-1,3, nHnaH- 
AMOH-1,3, qumMenon, 4-OKCHKyMapUuH. 
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Ta6Omuna 2 


Mcxogupie peujectsa 


Kaz 1223 


Ipozo.u- 
2KUTEJIb- 
fi leHOBbIii KOMNOHeHT HUTpoonepun Koneynpili nposyKr* oe on 
HH, 
yac, 
chic O CH5 
Hy)9G CH, | CH,==CHNO, (I) (CH,).C C(CH,CH,NO,), 0.5 59 
CH;—CO CH;—C ; ve 
CH=CHNO, CH;—C CiNOs 
(il) (CH). CH—CH : 2 
C.Hs, 5 CH>—-C Cth 3 65 
CH=CHNO, H;—-CO EH NOs 
, ee i) (CH,),C CH—CH\ 
C,H3;0H,OCH,-”, CH;-CO C,HjOH, OCH,-#,| 72 47 
aoe CH,=CHNO, co 
CH, (Iv) en tet 15 36 
yt Or 
O CO 
H=CHN CO 
t . Ny CH NO. 
Ce (Vv) Cc . 
ne oh Nor 3 85 
e 
CH=CHNO, 
CO. 
S ‘ MNO: 
(Vi) CiGH & 
ae | 3 | 80,6 
CH=CHNO, : 
| wae CH NO 
; 2NOQO, 
| i (VID c cH” 9 5 
Vi 3 54 
CO 
0. 
2 
CO; CH=CHNO, Ne CH NO 
CHCgHs | CH(CH;)> (Vill) eae ( 10 83 
co ah CH(CH)), 
CH=CHNO, Fhe CHaNOr 
C,H, (1X) 7 eins 10 | 82,3 
5 Coty 
CH=CHNO» SA CHEMIE 
s CCH 10 87 
NO,- (X) 
CgHyNO-” a C,H NO,-2 
CH=CHNO,2 
é oie HNO: 
(XI) yaa rl 55 
CO | | 
OY 
OH 
OH ue CH NO, 
aa CH==CHNO, eee 
cu | i 24 | 50 
¢ Geile (xml) oencH 
co Vm fi 
0% O 
Tpogyxrer (I1)—(III), (X11) nomyuenpi B cpefe MeTaHOJla BMpHCcyTCTBHH MeTHJaTa HaTpHs, UpoAyKTh! (IV)— 
-B 6€H3Z0I¢ B MpHCyTCTBHH TpHITHMaMHHa. 
09 3 


CunbHo Kucible WuKeTOHE! (Kaucc2<10-): 2-HuTpoguMeyou, 2-HNTpOHHA 
muou-1,3 u 2-nHqanquon-1,3-cymbpoKucsoTa — He pearupoBaslH C HUTPOO 
(puHamu. Tlo-BHXMMOMY, JIMUIb 8-MKETOHEI, o6aarollve ONTHMAaIbHOH KUCIC 
HOCTbIO, OMpefeAIOULElCA MOLBU2KHOCTbIO BOOPOHbIX ATOMOB MeTHJICHOB 
rpynn, cmocoOHbl K KOHJeHCalMM C HATpoonepuHaMn. 


Ta6naunua 3 


Haiigeno, % BpruucseHo, % 
B es 
erB0 See e H N Cc H N 
(I) 99—100 50,38 6,58 9,90 50,34 6,29 9,79 
50,40 6,34 9,98 
(11) 41335) 66,27 6,78 4,97 66,35 6,56 4,80 
66,32 6,79 4,83 
(II) 478—179 61,68 6,72 4,67 61,47 6,83 LAN 
61,19 6,78 4,89 
(IV) 110 Home 4,36 9,70 53,4 4,11 9,58 
SOmLe 4 ol 
(V) 194 67,81 4,76 6,14 67,5 4,5 6,3 
67,59 4,61 (yale 
(VI) 213 54,98 3,28 5,95 Na) PAS Se) Ons 
5} AAS) 5) 5,80 
(VII) 156 6,50 6,60 
6,84 
(VIII) 436—137 CARAS 5,91 4,34 TAGES 5,63 Ae 
(AN lis) 5,88 4,03 
(IX) 165 74,13 4,68 4,15 74,36 4,34 ms (es 
74,30 A Me 4,04 
(X) 193 66,14 Brill TAO 66,34 3, 84 6,97 
66,31 ongZ Wnts 
(XI) 132 69,98 4,43 3,90 69,79 LOS 3,87 
69,92 4,17 4,06 
(XII) 155—1957 65,415 4,86 | . 4,66 65,29 4,18 4,50 
65,205 4,01 4,54 


CyllecTBeHHoe BIMAHMe Ha ycnex peaKI[MH OKa3bIBaeT peaKIHOHHAaA cpey 
Henouapuble pacrBoputTesn (OeH301) He CMOCOOCTBYIOT SHOMM3ALNH LWMKA 
yeCKUX B8-JMKeTOHOB ('), BCTYMaIOLIMX B MHUXa3JIEBCKYIO KOHJeHCallMio 3a cu 
KeTOHHBIX (pop (?), H MosTOMy OaronpusATCTBYIOT TeYeHMIO peakWH; NOMAPH 
pacTBOPHTeM (MeTaHOJ) BbISbIBAaIOT OOpaTHBIii adbexr. | 
CHHTe3HPOBaHHbIe HUTPOMNPONSBOMHbIe IPH KaTaJIMTHYeCKOM THApPHpPOBaHH 
Hal HUKe/IeBbIM KaTaJIM3aTOPOM MIpeBpalllawTcA B COOTBETCTBYIOILMe AMHHBI. 
TIpeqoxken OOuMH MeTO] CHHTe3a MPOHSBOAHBIX WNKIWueCKHX 8-1HKeETOHO 
3AKMNOVAIOWMHCA B 8aMeleHHH BOMOPOAHHIX ATOMOB HX M€THJICHOBBIX pyri HH 


POSTHIbHOH Tpynnol, CBASaHHOM C Pa3JIMUHBIMH aJIKHJIbHBIMH, apHJIbHbIMU 
reTepOWMKIMYeCKHMH pajluKaamu. 


Tloctynuso 
2 VI 1958 


UMTHPOBAHHASA JIMTEPATYPA 


‘H.W. Hasapos, C.H. 3anbaaos, SKOX, 25, 508 (1955. 2 
W. Reiss et al., Chem. Ber., 87, 108 (1954). 12 OE Serene aa 


Jokaayo Akagemun nayr CCCP 
1959. Tom 124, Ne 3 


XHMHA 


E. H. THHAKOBA, unen-koppecnongent AH CCCP B. A. JOJIFONMJIOCK, 
A. HW. MAPEH u M. 3. AJIBTULYJIEP 


\(OJ1Y 4EHHE KPHCTAJIJIMGYECKHX 1—4-TPAHC-NOJIMBY TA HEHA 
| M-NOJIMM30MPEHA HW H3Y4EHWE HX CBOHCTB 


t 
i 


| PerysApHo nocTpoeHHble, KPHCTAaJIMSYIONLMeCA MOJIMMepbI AMeHOB (1 —4-uc- 
/1 —4-rpanc-nomuOyTaHeHb HM -MOMM30NpeHbI) BrepBbIe nosyueHn! Hatra c 
[PpyYAHUKaMM C MOMOULbIO KaTaJIH3aTOPOB, OOPasyIOWNXCA MPH B3anMOeHCTBUH 
JOMMHMMOpraHvyecKuX CoeqMHeHHH C TalOreHuaMu MeTaJJIOB mepeMeHHOH 
gnenTHocTn (*). 


Hamu moka3aHo, 4TO peryJApHO nocrpoenHbIe 1—4-TpaHc-momuMepbl G6y- 


1 


I IIPHBOAUM NepBble UTOrM padoThI B ITOH OOaCTH. 

) Katamu3aTop roTroBuJicd MpONHTbIBAaHHeM avoMocusuKaTa (10% AIO,” 
1% SiO.) pacrBopoM xpomoBoro aHrHypufla c nocwenyrouleH akTHBalluel cy- 
|M Bo3zyxom (5 uac. mpnx 500—550°). TIponece nomumepusaltun mpoBpogusca 
ia 70—80° B pacrBope GeH3uHa (T. Kun. 100—130°) nau Tonyona, B38ATHIX B 
OTHOIMeHHH 2 OObeMa Ha | OObeEM MOHOMepa. Sarpy3Ka KOMMOHEHTOB B aM- 
jy Mpou3Boquacb B aTMocdepe cyxoro a30Ta, CBOOOAHOTO OT KHCOpOna. 
WIMMEP H3ZONPeHa OTAeMAJICA OT KaTaIH3aTOpa PacTBOpeHueM B TopsAueM GeH- 
ime, a nomMMep OyTagaveHa —Bropsuem KcHUIONe. TopauM pacTBOp nowMMepa 
PYJIbTPOBbIBaAICA OT KaTaH3aTOpa, HU3ObITOK PaCTBOPHTeJIA OTTOHAJICA B 
KYYMe, a MOJIMMep BbICaKMBAJICA MECTHJIOBbIM CIIMPTOM H CYLIMJICA B BakyyMe 
} MOcTOAHHOrO Beca. Jia MmpeqoxpaHeHuA MONMMepa OT OKHCICHHA Ha BCexX 
aMAX BbIeeCHHA NOMMMepa B pacTBOp BBOANICA deHu-B-HadpTusaMHH 
}M afOub-a-HapTusamun. TlommmMepu3auua BO BCeX CJIyuaaxX MpakTHueCcKH 
WJIHOCTbIO 3aKaHUNBasacb 3a 10—12 uac. c KOJMUeCTBEHHBIM BBIXOJOM MOJIH- 
(pa. 7 ; 

| Tlonuusonpeun. I[Ipegcrapiner coOol TBeplbi MpofykT, HayHHato- 
al pasMaryuaTpca pu Temnepatype 38—40°. Ilo WaHHbIM cnekTpockonuye- 
oro aHasiu3a B HApakpacHol oGmacTu*, 99% s3BeHbeB NOMMepHOH Lenu 
uerot | —4-rpanc-Kondurypauuto u 1% 3BeHbeB CoexUHEHO B MOMOwKeHUU 3—4. 
UKUM OOpa30M, MOMYYCHHDIH NOMMMSONpeH ABMAeTCA MpaKTHYCCKH UNCTBIM 
|-4-rpanc-nomumepom. HenacbillleHHOCTb efo, OlpesemeHHas 10 peakIlMn C XJOp- 
yom (?), cocraBssasa 100% or Teopuu (fofqHOe uncno0 370—874). B cBa3u 
_BbICOKOM OMHOPOAHOCTHIO CTPYKTYPbI MOMMMEP KPHCTAaIM3YeTCA, YTO NOTBEp- 
iJaeTcaA peHTrenorpammol (puc. | a). PestrenorpaMMbl MOJTyYeHHOrO TOsHM30- 
yeHa HM UpMposHOH $8-ryTramepuM aHaJOrMuHbl. 8 
Tlonu6ytTagueun. Jlonyyenupii Hamu momuMep mpescTaBsAJ cob6ok 
)UCTAJIMMUCCKOe BOJIOKHUCTOE BeleCTBO, HepacTBOpuMoe B OeH3HHe H OeH30Ne 
\M OOBIUHOM TeMnepaType HM erkKO pacTBOpuMoe B rops¥eM Touyoe. B CBASH 
9TUM UCCeLOBaHHe CreKTpa NorsomeHUA nomMOyTaqueHa B UHPppakpacHoH 
iMACTH MPOBOLMIOCh AIA WCHKU, MPHPOTOBJIeHHOH MpeCCOBaHHeM o6pasila mpu 
mnepatype 130° u gaBennn 150 arm. TlomyyeHHbIl CmeKTp NOKasbIBacT pes 


] 


* WUncpaxpacubii cieKTp NoJIMM30NpeHa CHHMAaJICA Kee Be pee a mlomHOyTaqH- 
a—E. WU. Moxposckum; peHTreHorpaMMbl MOJIMMepOB CHHMAJINCbh vi. 4. DOWKOBOH. 
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KM MaKCHMYM MOPIOULeHHA B oO6lacTH, COOTBETCTBYIONLEH (a ee | 
rypalluu 3BeHbes. B OOMacTAX, COOTBETCTBYIOMIMX 1—2- u 1— “WMC-3BCHB| 
nNOrouleHHe MpakTH4ecKH OTCYTCTBYET. ; | 
Ha pue. 1 6 npencraBieHa pedTreHorpaMMa HepacTAHYTOH IIEHKM TO) 
6yTalveHa. ; 
: TloryueHHpit momuMep XapakTepH3yeTCA BbICOKOM IJIOTHOCTBIO. hee | 
oOpa3libl NomMOyTaqueHa, MOJyYeHHOro NOMMMepHsallHeH B PacTBOpe ensh| 
uMenu rioTHocTh 0,991 —1,015 nporus 0,92 quia amoppHoro mosmMMepa, MPHy 
MJIOTHOCTh MepBbIX (ppakUHH, BbIJeACMbIX MPH BbIMbIBAHUH eae be 
BEPXHOCTH KaTaIM3aTOPa, HECKOMbKO HMKE, YEM MOCMEAYIOUIMX. ITO OCOVE! 


cm/feek-10° 
160 
cm/cek- 10° | 
40 F fh 40, 6 
120 120 
100 |- ml 
s 60 60 
] 
4 40 
20 ae £0 
Poe 
i 1 = a 
g 60 30 00 @0 140 40 60 8B 100 MOY MOP ROE 
Puce. 2. J[udbdepenuuanbHple KPHBbIe 3aBHCHMOCTH CKOpocTH edopmalnn 
nouu6yTaqueHa oT Temuepatyppl. J u /] — nopaykosble HomMepa wHKoB. Ha 
rpaduke a nporpes B / wHKae Jo 220°, Ha rpapuKe 6 — qo 250° 


3aMeTHO JIA MOJIMMepOB, NOJYYeCHHbIX MOJMMepHsallHeH B pacTBope Toulyé 
(MWIOTHOCT NOCIeAHUX (ppakunt paBua | ,O10—I1 ,005, norHocTb mepBbIx pak! 
0,98). TlonwxKeHHadA MJIOTHOCTb MepBbIX (pakWHH MW Myuad UX pacTBOpHMO 
CBA3AHbI C HaJIMYHeM HapylleHHi B CTPpykKType Lenn. 


OyTaqueHa, HaxOWaulerocad NOX MeHcTBHeM MOCTOAHHOFO C>KHMAarTOULero yeu 
(25 xI/cm?). PaOora mpoBoqusiach Ha H3MeCHEHHOM Mpu6ope, MpHMeHsAeMOM | 
onpeseseHuA TeMMepaTypbl CTeCKJOBAHHA Kay4yKoB (*), MO3BOMMIOULeM Hari 
BaTb OOpasell oO Temiepatypbl 400°. Temnepatypa MoBbllatacb CO CKOpoc | 
2—3 rpaf/mMun. Vcnpiranuto nogBepranuch O6pa3iibl B BUE IMIMHPOB Bb 
TOoH 6—/ MM M AWaMeTpoM 7 MM, MOJlyyaeMbIX MpeccoBaHHeM MO/IMMepa 
Temiepatype 130—150° nu yaBseHuu 100 ar. 

Iloce cHATHA KpHBOH WesopMaunsA —Temnepatypa (I wuKa) oOpaser | 
ark hasicaA TO KOMHaTHOK TeMMepaTypbl H BTOPHYHO ONpeseANACh Ta x%*e 3al 
cumoctb (II unk). Takum Ke 06pa30m nposoguacsa II] quKka nenpirannit. B | 
KOTOPbIX CJly¥adX OOpasell NO AOCTHXKeHHH OMpeLeMeHHO TemMepaTypbI Bbl 
*KUBAJICH MPH Hel HeCKOJIbKO YacoB. XO KPUBbIX XOPOMIO BOCMPOKM3BOLH’ 
ANA PasM4HbIX OOpaswoB. Ha puc. 2 npuBexeHbl THNMIADIE Wuddepenunasb 
KPHBBIC, HJIOCTPHPYIOUIMe CKOPOCT AecopMallMn MpH pasIM4HbIX Temneparyp. 

KpuBple XxapakTepH3yloTca HasIM4HeM JBYXx MaKCHMYMOB. I[lepBblii, He6oO 
I0H MaKCHMYM, COOTBeTCTBYIOMLNIt Temmepatype 75—80°, o6ycoBseH, 10-BH 
MOMY, HaJIMuveM JePeKTHBIX KPHCTAIJIOB, MlaBAIMXcA MpH Gomee HH3 


Temuepatype. Beauunna nepBoro Makcumyma noBbituaetcs Bo II u III] ILHKI 
096 | 


K cmamebe E. H. Tuxakoeoti, B. A. oneonaocx, A. H. Mapeit} 
u M. 3. Aabmuuyaep, K cmp. 595 


ee 


Puc. 1. PentrexorpammMbl nowHnsonpexa (a) u nomwHOyTaynena (6) 


K emamoe JI. E. IImepern6epea,K. T. Masankunoti u B. H. Ka- 
| camoukuHa, K cmp. 666 


: 


Puc. 1. Mukpobororpadun matosoro (BepxHHli pay) Mu OnecTaulero (HWKHHH psn) 


yruieit. — a CBeT Mpoxofauui, 6 — CBeT oTpaxkeHHbI. Bes aHamH3aTopa. 90 


JAH, rT. 124, Ne 3 


| bITaHHA. OTOMY COOTBETCTBYeT HEKOTOPOe HOHHKEHHE TWOTHOCTH nowuMepa 
1, TAOT, 1). Bropof, rmaBupili Makcumym COOTBETCTByeT Temnepatype 125— 
| > KOTOPaA, MO-BUAHMOMY, MW ABJIAeTCH TeMnepaTypoi maBnenus 1 —4-rpauc- 
(im0yTaquena. Peskoe cHw»KeHMe TeKyYeCTH NOJMMepa IPH TeMMepaType BBI- 
) TeMnepatypbl MiaBsenua (BEE 140°) o6ycnoBeHO YacTHUHDIM CTpyKTy- 
HoBaHHeM NOMMepa. Bropwunpie nmpoleccbt crpykTypupoBaHusA MO,HMepoOB 
SSPHCTaJIJIMYeCKOM COCTOAHMH MPH NOBbIMeCHHbIX TeMmepaTypax, OM3KHX K 
plepatType WiaBJeHHA KPHCTaJJIOB, MO-BHAMMOMYy, MpoTeKaloT Goee HHTeH- 
WHO, YEM B TEX XE YCNOBHAX B AMOPHBIX MOMHMepax. OToT adbexT no cBoeki 
Wipowe aHaJIOTH4eH BJIMAHMIO BbICOKUX MaBJICHHH Ha CKOPOCTb XUMHUCCKHX 
PKI, B YaCTHOCTH MIpomecca NowMMepH3altun. BeauunHa BTOporo MaKcuMy- 
§nanaet or I k III muxny ucnbirannii, mpwuem Tem cuuibHee, 4eM BpILe TeM- 
aTYPa UH NPOMOMMKUTEbHOCTh MporpeBa OOpasia. JToMy coorBercrByer MoTe- 
} PaCTBOPHMOCTH MONMMepa MH CHHKeHHe eFO MJIOTHOCTH, KOTOPaA B HeKOTO- 
9X CiydaAXx NOXOANT LO MJIOTHOCTH aMOpdHoro nomMMepa (Tabu. 1). 


TaOauna f 
Msmenenne IJIOTHOCTH nowH6ytTayMena MpH HarpeBaHHu 
Vienne Fipoxouunny I]n0THOcTbh nowuMepa 

Temn. upu | nporpesa nmpy PacTBopuHMmocTb HosH- 
e{uks wcnbiTanHA lycnpitanun,| Makc. TeMn., ASIST OG ENS 
i °C vac. o6pasen Ne 4 | o6paszen Ne 2 ome, % 
ikoWHEH oOpase tt — = 1,015 0,970 400 
i 220 1,006 0,968 47 } o6p. Ne 4 

I] 230 i, 0,988 — 33 

270 2 — 0,923 — ) 

Ill 270 3 — 0,943 0 NED, 

IV 290 1,5 a 0,966 ip a 

Vv 300 4°5 pe 0,999 oJ 


| IIpu Gomee BeicoKol Temnepatype (270° 1 Ble) Beey 3a MepHOROM CHMKe- 
d MIJIOTHOCTH MOJIHMepa, COOTBETCTBYIONINM Mepexoly ero B aMOpdHoe cocTos- 
je, cleqyer NepHoy noBpimenua noTHoctu. TlocmeqHul OOycJIOBsIeH yxe 3Ha- 
(PeJIbHBIM PasBUTHeM mpomecca CTPYKTYPHPOBaHHA 3a CUeT JBOMHbIX CBA3eH 
[1MMepHOHK Wenn. 


| 


VinctutyT BbICOKOMOJeKYJIAPHbIX COeqHHeEHH Ilocrynnu1o 
Akajfemuu Hayk CCCP 15 IX 1958 


Bceco3Hblt Hay¥HO-HCCeOBaTeIbCKHH 
MHCTHTYT CHHTeETHUeCKOrO Kay4yKa 
um. C. B. Jle6enepa 


UMTHPOBAHHAA JIMTEPATYPA 


“& Watie, I, Porrei, PP Corrachimi, IDs WORCirOR” Camimtes 2 Indu- 
eee AQ, 302.(1958), .7Ge Lee, I.M. Kolthofi, M.A. Mairs, J. Proll, Sete ee 
(1948). *A.U. Mapen, Mccnegopanue B o6sacTH CHHTeTHYeECKOrO Kay4yka, 1951, 
1 WBE 
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Jloxnaagp AkayemMun Hayk cccP 
1959. Tom 124, NM 3 


JI. X. @PEMVJIMH, axanemux A. A. BAJIAHHH u H. ©. YKYK OBA 


CEJIEKTHBHOE PHAPHPOBAHWE ALETHJIEHOBOM CBA3H 
BYTHH-2-QHOJIA-1,4 B ITHJIEHOBYIO HA HUKEJIEBOM 
KATAJIHM3ATOPE 


Byreu-2-quou-1,4 Haxoqur ceOe MpHMeHeHHe B PasJIMUHbIX CHHTE3aX, U ef 
MOYYeHHE CeICKTHBHBIM THAPMpOBaHHeM MIPOMbIWIeHHO ocTynHoro OyTH| 
2-nuona-1,4 cayxuJlo mpeqMetoM paAya uccmeqoBaHnl. Jia cemeKTHBHOrO Tul 
pupoBanuA OyTHHANONa Jo SOyTeHAuONa pekoMeHfoBaH Pt-KaTasu3aTop Cc Af 
6aBKOli HeOobuIoro KOIMYeCTBa KHCIOrO doccdaTa HaTpHA, SOPHO KUCIO 
WIM MuMepuguna, a Take Co-KaTamu3aTop, oTpaBeHHbI 0,1 % powaHUcto} 
Kalua. YCNOBAA MpoBeseHuA peakUuu He ONMCaHbI. MoxkHO MPHMeCHHTb H Kaly 
6OHHJIbHOe 2KeNe30, PCAKILMA MPOBOLUTCA MOL ZaBMeHueM BO,Opoga B 200 ari 
mpu 50° ('). Ha Hukewib-MeqHOM H Ha CKe@JIETHOM HHKeJIeEBOM KaTaJM3aTopa j 
NPHMeCHABLUAXCA JIA PH{PpUpOBaHHA OyTHHAMOa B OyTaHAMOJ, He yaeTCA oc} 
UIECTBHTb CeJIeKTHBHOe THApHpoBaHue oO SyTeHAuoa (7). B padore (*) Tak | 
yKa3bIBaeTCA, YTO Ha CKEJICTHOM HHKeJIEBOM KaTaJlH3aTOpe B 9THJIOBOM CMMp) 
peaKWHA mpoTeKaeT HeceseKTHBHO. [loce norsmoulenHua 1 MOA BOLOpoa Kpor| 
6yTeHquoma (66%) o6HapyxeHb OyraHquon (11%) uw HeKOTOpble mponyK’ 
noGouHbIx peakuuh (°). Ha3apoBp u Bepresmpcou c cotp. (*) ycTaHoBuIM, 4TO 
KaTalusatope Pd/CaCO; B MeTHJOBOM cmupTe mocue mpucoequHeHua | Mo. 
BOMOPOMa CKOPOCTh peak Pe3KO CHHKaeTCA, H Chea OTCIOJa 3aKJIOUeH! 
OCTYMeH4aTOM XapakTepe Mpowecca. Cya 10 pesysbTaTaM (ppakWHOHHUpOBaHH 
uv B mpucytcrsun Pd-Katamu3aTopa OOpa3yioTCa MpOAYKTH NOGOUHbIX peak 
(10—20%). 
MspecrHo, uro Ha CKeJIeTHOM HUKeICBOM KaTaJIM3aTope B MpHcyTCTBHH Mi} 
puuHa (XMHOUMHA) alleTHIeHOBbIe YrIeBOAOPOAL OObIMHO CeMeKTHBHO Fup) 
pyrorca B 9TusIeHOBHIe (5). 
IIpeqcraBiaiocb MHTepeCHbIM BbIACHHTb BO3MOXHOCTh U30HMPaTebHOW 
ru{pHpOBaHHA OyTHHAMOJIa B STHX ycOBHAX. Hamm Oblin NpoBexeHbI ABE Cl 
PHA ONbITOR. OHA — pv HOpMaIbHOM JlaBneHuu, 20° n cHabHOM BCTDAXUBY 
uuu (700 ofMocropoHHuX Ka4yaHHii B MMHyTy), Bropad — BO Bpaulaloulemca a 
TOKMaBe NOW JaBsmenuem, Take mp 20°. IIpuroropseHue KaTau3aTopa Hu MI 
TOMMKAa OMbITa OmucaHb! pauee (°). [lopuua KaTranusatropa (0,29 r) ucnombL30B¥y 
JlaCb OMHOKPaTHo. YCJIOBUA H Pe3YWIbTATbI ONbITOB MpHBeeHb! B TaGw. 1. Ha puc.| 
H300paxKeHa CKOPOCTb MOFIOULeHHA BOOpOa BO BpemMeHH. CKOpocT mpottecd 
XapakTepH30BaaCb NOYNePHOAOM peaKIHH HM CKOPOCTbIO MOriouleHuA BORM 
pola Ha TOPH3OHTAIbHbIX yYaCTKaX KPHBbIX H B MOMe€HT MakcuMyma. M3 TaGa. | 
H puc. | BUAHO, 4TO B pacrBope STHMOBOrO HAM MeTHJIOBOrO cnupta OyruHaud 
OLICTpO rufipupyerca B OyTaHJuon: normomaerca 1,79—1,87 mons Bomoporl 
(onbiret NoNe | uw 2). Mepserii mom BOMOPOMa MOrmouaereA ¢ MOCTOAHHOIt cKe 
pocrbio (yuacrox J), mocae vero cKOpocTb peakuuu pe3KO Bo3pacTaeT (yuacral 
Il). Sto yKaspiBaer Ha crynenuarbili XapakTep lpolecca Ha HUKee HW MOATBE] 
*KMACT, YTO MOCMELOBATebHOCT FrHApHpoBanua C==C- un C=C-cBa3eii He 3aBucL 
Speen te pean KpuBaa MpucoeyquHeHuA BOMOpOsa K OyTHHANOW 
Kyl0 Ke (OpMy, KaK HM B CMUpTe, HO CKOpOcTb Ha OGer 


CTAaAHAX Mpolecca MPHMePHO B [Ba pasa Huxe (ombIT Ne 3).B cpeme quMeTuspopy 
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| Ta6aunna ft 
B3ATO B peaKIHIO Pacxoy Bogoporna 
| a‘ Cpeauaa cKOpocTb 
ie, ‘ * ua yuacrKe J xu- | TOMMOuweHnHa Bozo- 
q ta le : nat bee ld 2 HeTHY, KpHBOI poma, ms/15 cex, ee 
| aa, T iS aA*, Ma ay HU, MHH. 
or ° MJ. MO, eee 2-ro Mona 
Be & 
4 0,5106 | 0 loys 2 Oe 133° | 248 1,87 lalel@) |] SAO MUR Ae 3 
2 | 0,5006 | 0 6, m. cn. | 130 | 233 | 1,79 | 10,0 | 27,0*** 37 
3 0,5006 0) 10, -KcH 130 238 iL Mis) 6,0 13, OF** 6.0 
4 0, 5088 O 13, gamba | 133 238 7s) 10,2 1,0 4,0 
55) OO: | Oe |) wee te. ere 133 133 1,00 ORO ORs 4,2 
6 O05. || ©, 5 |) ey, os eae 133 133 1,00 9,4 0,3 4,0 
/ OSA OS weomeClis 133 133 1,00 10,6 OnS 3,0 
8 0,9006 | 0,5 6, M. cn. 130 130 1,00 eee 0,3 9,2 
9 0, 5006 5,0 6, M. cl. 130 130 1,00 — 0,0 12,0 
10 2,6149 5,0 6, M. cl. ee ey | gdal 1,06 — 0,0 175 
H 14 0,5075 He) Hp. 1132 142 1,08 — 0,0 WA) 
et 2 Bix OAS) 9,0 Hp. 090 630 1,06 — Oe? 109 
moet * | 05083.) 0 MS, Sy, (CN 133° | 234 1,76 OM moms ts? 
o** 0,5114 NO AS, 25 Cite 133 ile 1) Os} — 0,0 Maho 
me ** | 0,5006 | 0,5 | 6, m. en, | 130 | 1338 | 1,02 = 0,0 19,5 


* 2. ci. — STHJOBbIM CMHPT, M. CM. — MeTHJIOBbIM CNHpT, AKCH — AuOKcaH, AMp_— An- 
MueTupopMamug, mp. — nMpHyuH. 
** Cuutan Ha NOJIyrHApupoBaHne. 
*** CKopocTb MOrJOUleHHA BOMOPOfa B TOUKe MaKCHMyMa. 
**** B mpucyTCTBHM OyTaHAHoua. 


jaMufla BTOpOl MOJIb BOMOPORa, B OTMMUHE OT PeaKIMH B CNUpTe HM WHOKCaHe, 
MorioulaeTcaA He C OOUbUIeH, a C 3HAYMTCJIbHO MCHbIUeH CKOPOCThIO, YeM TepBblii 
(onbit Ne 4). 

TlocrenlyroulHe OMbITbI MpOBOAMJIMCb B CIMPTOBOM pacTBOpe B IIpHCyTCTBHH 
mupuyquna. Kataiv3aTop MpOMbIBaICHd CMUpTOM, MOHaCbillaicA BOOpofom, 
BCTPAXMBAJICA CO CMeCbIO CIMPTa H NMPpHAMHAa; 3aTeM BHOCHJIaCb HaBecKa Oy- 
THHIMOa B ciupTe HM HauMHasocb ruyApHpoBaHue. OxKasaslocb, YTO B CJlyyae 
HeOOJIbIIMX KOHIeEHTpalui nmupugunHa (4—8%) mocseqoBaTeJIbHOCTb ruQpupo- 
BaHusa C=C- u C=C-cBa3eH Takxe serko (PUKCHPyeTCA KHHETHYECKH, TaK Kak 
Ha KpuBOl normouleHua BOROpoga ucuesaer MakcumyM. V3 onpirop NeNe 5—7 
u puc. 2 BUAHO, 4TO B MpucytcTBHH 0,O—Il Mi nMpuAMHa CKOpOCTh NorsouleHuA 
MepBoro MOJIA BOMOpOa He YMeHbUIMIacb, a BTOPOrO — CHJIbHO CHM3MJaCb. 

B onbirax ¢ YyBeIMUeHHOM KOHWeHTpalluei mupHyquHa B MeTaHovie (OnbITHI 
NeNe 9 wu 10) u B OfHOM MMpHgzuHe (onbITE! NeNe 11 uw 12) KpuBaa ruyqpupoBaHHa 
MMeeT HUCHaawulul xapaKtep (puc. 2); moce MOrOWeHHA OAHOTO MOJIA BO- 
joposa peakWuA mpeKpalilaerca HM KaTaIM3aTOp MpOABAeT MOHY!O u30Hpa- 
TeJIbHOCTh JelicTBud. Pe3Ko OTJHYHOe BAHAHHe OOpaOoOTKH KaTaJIM3aTOpa He- 
6OJIbUIMMU KOIMUeCTBaMH MMPHAUHa B OTHOLICHHH CKOPOCTeH MOrOWleHHA TWep- 
Boro HM BTOPOrO MOsel BOLOPOa TAKKe WOKAaSbIBaeT, YTO Ha HUKeJICBOM KaTaJn- 
3aTope OYTHHAUOM rukpupyerca B ABe nocaeqoBaTedbuble craqun. Ilupuaun, 
B3ATHIM B HeOOJIbUIMX KOHI[CHTPpalWAX, He OKa3bIBaeT BJIMAHHA Ha CKOPOCTb 
MIpHCOeAMHeHUA BOMOPOa 0 alleTHJICHOBOH CBASH M CHJIbHO TOPMO3HT THAPH- 
popaHne S9THeHOBO cBaAsH. AnaorM4Had H30upaTebHOCTh MeicTBAA HaOJII0- 
Jlaiacb B MpucyTCTBHH MunepHAWHa UM XHHOVJIMHA. 

Tlo-Bugqumomy, afcopO6una Ha HUKeIeBOM KaTaJIH3aTOpe Y4aCTBYIOUIMX B 
MpoOllecce KOMMOHEHTOB yObIBaeT B psy: OyTHHAMO > mMpHAMH > OyTeHAMOM. 
Ancop6umoHHoe paBHoBecue JocTuraetcA Opicrpo, Tak KaK YBCJIMYCHHE Mpo- 
JOJVKUTEMbHOCTH MpeBapuTebHOM OOpaooTKH KaTasM3aTOpa MHPHAMHOM C 
10 Muu. (onbrr Ne 5) q0 20 mun. (onpir No 6) u go 1 yaca (onpit Ne 7) He BIMAeT Ha 
CKOPOCTb MOFJIOWLeHHA BTOPOrO MOJIA BOMOPOa. ByTeHJuou MoxkerT acopOlHoH- 
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HO BbITeCHATLCA HM OyTAHAMOJIOM, Tak Kak B OMbITaX NoNe oe HO DAE | 
MH KOHIeHTpalluaMM NMpHAMHa B CHupTe B MpHcyTCTBUH peri! Ae | 
normoulaetca TOMbKO 1 Mob BOROpoma. B onpitax NeNe 5—8 mp a i 
yCOBHAX B OTCyTCTBHe OyTaHANONa HaOsOalo0cb MOroukeHHe BTOPOrO M 
BoMOpofa, XOTH HM C HeOOIbINO CKOPOCTbIO. 


MISTS CE 
2 ff 


> S S§ SS ®& 


Ckopocms noenouexrun bodopoda 
eS 


0 20. 3040 30 GO 70 60 30 00 0 mun 


Puc. 1. Tugpnpopanue 6yTHHAMoa B MeTHMOBOM cmupTe (/), B 
juokcane (2) u B uMeTHApopmMamuze (3) 


Kak BuHo u3 Tabu. 1, IPH yBeMueHHM KOHUeEHTpalun NMpHAuHa B CHMpTe-| 
(onpitet NeNe 9 wu 10) uw B OXHOM mMpHANHe (onbiTHI NeNe 11 u 12) peakuus no-' 
JIYTHAPHPOBaHHA MpOTeKaeT OYEHb MefIeHHO. C Weblo yCKOpeHHA mMmpoteccas 

pai 
mAfi5cek 
“4 


8 


SS 


SQ 


Chopocms noenouents Fodopoba—» 
4 SS 


S 


Puc. 2. Puapuposanue OyTHHAHONa B STHNOBOM cnupTe (J), B 
STHIOBOM ciupTe 4-0,5 Ma nupHynHa (2) u B nupHAMHe (3) 


OblIM MpOBeAeHbI OMIT! npH 15 arm. Boqopoya. Kak u OxKHJaOcb, peakunA H 
pH LaBNeHHH BOLOpOLa B MpHCyTCTBAH NHPUAMHA MpoTeKaeT u3sOMpaTeJIbHO H | 
3HaUHTeIbHO OpicTpee. 

KarauiM3atbl OnbITOB C yBeIMYCHHBIMM HaBecKaMH OyTHHAMOa, IpoBeseH-— 
HBIX MPH HOPM@IbHOM H MOBbIINeHHOM JaBJIeHHAX, Pa3TOHAJIMCb B BaKyyMe. 
Ilocne orronku pacrBoputeas, npn 110—111° u 6,5 MM, serKo oTroHAICA 


OyTeHaHon c np 1,4770—1,4778. JIurepaTypHble JaHHble WIA OyTeHanoNa: 


tT. Kum. 135°/13 mm; np 1,4780 (, 4). 0,53 r nOJyYeHHOrO OyTeHAuOa GbIIH Mpo- 
THAPHPOBAHbI Ha CKeeTHOM HUKee pH 20°. Pacxoy BoOposa CcooTBeTcTBOBaW 
TeOpeTHueCKOMY. 

PesysbTaTbl Hallel paOorbi MOKa3sbIBaloT, 4TO pH rHqpupopanun OyTuH-2- 
Auomna-1,4 Ha cKeneTHOM HHKeeBOM KaTaJIM3aTOpe B CNUpTe WIM B WHOKCaHe 
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TOPOH MOIb BOLOpOa NorsoulaeTcaA C 3HAYHTeEbHO OOVIbUIel CKOPOCTbIO, YM 
epBbli. Hedoubume koIMueCTBa MM PUMHAa He OKAa3bIBaIOT BJIMAHUA Ha CKOPOCTb 
e€akKUHH B NepBOH CTaMHH HU pe3KO TOPMO3AT ee BO BTOPOH craqun. IIpoxykr 
OJYIHAPHPpOBaHHA B MpPHCyTCTBHH NMpHAUHA MpesctaBlaetT coOoH OyTeHyU- 
mn. [lomyuenuple JaHHble yKa3bIBaloT Ha CTYNeHYATHIM XapakTep ru punpoBaHusAl 
YTHHAMOa U M3OuNPaTeJIBHOCTh WeHCTBUA CKeJICTHOrO HHKeIA B MpHCyTCTBHH 
MpuHyuHa Kak IIpH HOPMaJIbHOM, Tak H IPH MOBbINeCHHOM aBJIeHHH BOOpOsa. 


Vuctuty?t opranuyeckou xumMuu um. H. J. SenuucKoro Tocrymus10 
AxkayemMun HaykK CCCP 2 1X 1958 


WMTHPOBAHHAA JIMTEPATYPA 


1W. Peppe etal., Lieb. Ann., 596, 39(1955). 2 O. Hecht, Xumua auetunena, 
Pl 954,cerp. 280: 72 Roe Romianivet,-Ch: Ditiraisse CC. R., 236, 10445(1953). 
Piel a ikalsta plow vile slb eipiie Jeb G Opals. b aye n Kio pa, ba Brad o ma 
Pan ee KONG 28) el IS2)9(1952)) een O prem nau, Bo NorkopnuKos, 
Isp. AH CCCP, OXH, 1956, 1502. 
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Jloxnangp AKaweMun HaykK CC, GP 
1959. Tom 124, Ne 3 


H. HW. WIEBEPJHHA, JI. B. ABPAMOBA u 
yieH-Koppecnonyent AH CCCP K. A. KOYELIKOB 


KPHCTAJIJIMYECKME CMEWAHHbIE LLMHKOPPAHHYECKHE 
COEMHEHHA 


Boutee cra ser (+) H3BeCTHbI B MHAMBYyaJIbHOM COCTOAHHH COeCMHEHMA WMHKa 
cpopmyapt R, Zn (R — aKus), OMHAKO HECMOTPH Ha TaKyl0 3HAUHTEIbHYIO ap 
HOCTb UCCeAOBaHHH, lO CHX Op He ObIIM BbIJeJIeHbI B H3OJIMPOBaHHOM KpKCTau4 
JIMYeCKOM COCTOAHHH CMeLUIaHHble IMHKOpraHMyecKHNe coefMHeHHA §6RZnxX, 
XOTA MHOPOUMCJICHHbIe CHHTE3bI ObLIM YCMeLIHO MpOBeeHbI C HX pacTBOpamnH (?)! 

IIpencraBsneTca YMBHTCIbHbIM TO OOCTOATEIbCTBO, ITO MHOrHe UCCeZO 
BaTeJIH, HMedA Jeo C TBEPABIMH WHHKOpraHH4eCKUMM COeCAMHCHHAMHM B Ka¥yeCTBE 
NpOM@EXKYTOUHOH cTaquu pH MOMYYeCHHN WHHKAMaJIKMJIOB, He OXapakTepH30Ba 
JIM AX MYTeM BbIeeCHHA B YHCTOM Be H MyTeM aHaJlu3a, CIeEQOBaTeJIbHO, He JO} 
Ka3auld MX COCTAaBa. 

B 1903 r. [Bosgos (*), HMed B PpyKaX KPHCTaJIM4YeCKOe COeqHHeHHe, MOy- 
YeHHOe U3 HOAMCTOFO 3TMJIa MW WHHKA, Cela MOMbITKY KPHCTaJIMsaluu ero ud 
HOMMCTOPO STHJIa KaK PaCTBOPHTeJIA, HO HE aHaJIM3HpOBaJI BellecTBa H He MpH- 
Jas eMy HUKakol onpegemeHHol cdopmysbl. Bass (7) npn AelicrBum Ha O6pomn 
CTbI apHJIMarHuH OPOMHCTOrO WHHKAa BbIJeJIMJI CIOMHKHOe COeAMHEHHE, BKIIOUAa- 
rolllee B MOJIEKYJIY aTOMbI ABYX MeTaJIJIOB — WHHKa WH MarHua. Hakouell, B 104 
cmequee Bpema Tapper u corp. (*) ucceqoBalM cucTeMy JMSTHJIMEHK —| 
OpoMUucTHIN WHHK B FrekcaHe, HO 6€3 H30JIMPOBaHHA KakOro-H60 CoequHeHHA 


| 
| 
| 
i 
| 
| 
| 


SaHHMacCh CHCTeMaTH¥eCKH BOMpOcoM O06 HHAMBUAyabHbIX KDPHcTa/JN} 
YeCKHX METAJOOPraHHyecKHX COeCAHHEHHAX MeTasoB | —3-H rpynn nepx- 
OM4eCKOH CHCTeMbI H UX KOMIMVI€KCaX, Mbl MOCTaBHJIH CBOeH 3alaueri H3O/1M POF 
BaTb B BU KOMIMVICKCOB C 9(HPOM HIM AHOKCAHOM CMelaHHble WHHKOpranuye : 
CKME€ COCMHEHUA aslMdaTHyecKOrO H apOMaTHYeCKOrO PANOB HU WOKa3aTb UX 
COCTAB. 
Ham mpegcraBiaiucb, B OCHOBHOM, TpH IyTH CHHTe3a Takoro pola coemn4 
HeHHu: 1) mpaMoe AelicTBHe WHHKa Ha raJlOUHbIe aKUJIBI,2) WelicTBue rao“ i 
HBIX COleH WHHKa Ha MarHuliopranwyeckne CoequHeHUA u 3) Aucrponopiunonn 
pOBaHHe ITyTeM JeHCTBHA FaJOHAHbIX CONeH WHHKa Ha WHHKAMaJIKMJIbI WM IMHK+ 
WMapuJipl. 

IlepBbtit 1ytb, KaK H3BeCTHO, MPHJOKUM TOKO K alMdaTHyecKUM raOnJO+ 
NPOW3BOMHBIM, a W3 HHX —TOJIbKO K HOfufaM. (PeakiMa MeTasmuuecKord 
WMHKa CO CMECbIO OPOMUCTHIX M HOMMCTHIX aku0B mo Homepy (°) Henpuem4 
jemMa, TaK KaK MOMKeT MpuBecTH K cMecHM RZnX Cc pa3IM4HbIM rasOnJOM.) 

Bropoit nytTb (no Bassy (*)) mpHBogut, Kak yxKe OTMe¥eHO, IPH BbIeneHun 
K BellecTBy, COfepxKallemy OfHOBpemeHHO Mg x Zn. | 

Ham npeycraBiaioch WeecooOpasHbIM MpHMeHeHHe peakIHH Aucnponop) 
WHOHNpoOBanna:! 


} 


ReZn + ZnXo"> 2RZnX, at 


Tak KaK OHA He OrpaHH4MBala Hac HU B BbIOOpe paquKana (anKHJI WJM apy): 
HH B BbIOOpe moOoro raqouza. 
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Kak HaMH MO0Ka3aHO B HacToOseM uccleqoBanun, mpH pacrBopexuu R,Zn 
B ocbupe MU AoOaBeHuu 9KBUBaeHTHOrO (ypaBHeHue (I)) KOmMueCTBA pacTBopa 
TaOMMHOTO WHHKa B TOM K€ paCTBOPHTesIe HMeeT MeCTO OOpasoBaHHe CMelaH- 
Horo UHHKOpraHuyeckoro coesuHeHuA RZnX. J] Bblenenua ero u3 pactrBopa 
B BUC COCAMHCHHA OMPeeeCHHOH (POPMYVIbI MbI BOCTIOJb30BaIHCb pudaBue- 
HHe€M AHOKCaHa M MOJYYHIH KpHCcTasMueckui kKommeKc RZnX - CyH,Os. 

Ilia weneH uexTudukaluu TO xe camMoe coeqMHeHHe ObIIO NOJYYeHO HaMH 
MyTe€M MpAMOrO JeMCTBAA TalOUAHOrO alKHa Ha WMHK, OOpaOorKoli TBepzoro 


BeulecTBa 9pupOM Hu OCaxKeHuA 2pupHOrO pacTBOpa AHOKCaHOM. 


Bmecte ¢c TeM, B apOMaTHYeCKOM PAY MPH CAMBaHHH MpH KOMHaTHOMi TeM- 
nepaType sPupHbix pacTBopos, HampHMep puceHHMMHKAa UM 2KBUBaeHTHOrO 


) KONMUECTBA HOAMCTOTO MWHHKAa, M JabHeHIeM KOHWeHTpupoBaHuM pacTBopa 
| HaMH ObWIM W30IMpOBaHbl KPHCTaJIMYeCKue CMelIaHHble WHHKOOpraHnuec- 


KHe COC]IMHCHHA B KOMIVJIe€KCe, HalpumMep c a3c:pHpoM, OTBeyalOUMe NO aHauH- 


3y coctasy ArZnX -(C,H;),0. 


Uto kacaetca CTPOCHHA BIICPBbIe HaMH MOJIYYCHHbIX CMeLWIA@HHbIX IMHK- 


| OPraHHyeCKHX coequHeHHl ONpeAeMCHHOLPO COCTaBa, TO MOXKHO KOHCTaATHPOBAaTh, 
~BO-TICPBbIX, 4YTO KDHCTAJIJIMNYECKHE KOMIVJICKCHI, NOJIYYCHHbIC HaMH ITYTeCM JUC- 


MPONOPUMOHHPOBaHHA HIM MpAMOH peakWueH MexKAY WHHKOM H HOMCTHIM 


) STHJIOM, HACHTHUHbI; BO-BTOpHIX (m0 Kpay3se u Mpommy (°)), WelicrBue Ha pac- 
TBOP WHHKOpraHuyeckoro CoeqHHeEHHA (MONyYeHHOrTO M3 HOMuCcTOrO 9THa 
‘WM WMHKa) TpHHbApOBa peakTHBa, MPHBOAMT K HecHMMeTpnyeckoMy RZnR;: 


C,H; ZnJ LL RiMgX —e C.H;ZnR, + MgXJ (11) 


HU TCM CaMbIM KOCBCHHO yKa3bIBaeT Ha COCTaB HCXOJHOFO WHHKOpraHuyecKoro 
KOMMOHeHTa, Kak Ha RZnxX *. 

M30MpoOBaHHble HaMH CMeIIaHHbIe WHHKOpraHHueckHe COeqHHeEHHA Mper- 
€TaBJIAIOT COOOH Oevble KPHCTaJJIMYeCKHe BelleCTBa, PaCTBOPpHMble B 3dpupe, 


_ AMOKCaHEe, YKCYCHOSTHJIOBOM 3(pupe, HepacTBOPUMLIe B O€H3OUe, FeKCaHe, YeTbIPex- 
_ XJIOPHCTOM yrviepoye, xO0pocopme u OypHO pearupyroulne, HampuMep, co cnup- 
TOM MJIM BOOM, He CAMOBOCILIAMeHAIOULWeCA Ha BOS Xe HW BMOIHe yCTOHYMBBIe IPH 


XPaHeHHH B 3aMaxdHHbIX cocyax B aTMocdepe cyxoro MHepTHOoro rasa. OTHM 


| BeULeCTBaM He MPHCyIM ONpeseeHHble TeMMepatypbI MaBIeHNA (Pasor%KeHHe). 


STH KpUCTasIMYeCKHe BellecTBa pearHpyIOT C TaJIOHHbIMH allMIaMH C 


| O6pa30BaHHeM COOTBETCTBYIOULMX KeTOHOB. 


CoH; ZnJ-CyH,O2 + CsH; -COCI! > CsH;-CO+-CgHs5 + ZnJCl »CyHgQOo. ({11) 


orc € pi Me H/T a ob Hast ede Calen 


Bce omucaHHble HHKe OMNDbITHI MpOBOJHJIMCb B cpese CYXOro a30Ta HJIN ap- 


_roHa B alimapatype, panee pa3paOoraHHoli B Hauleli ma6opaTopun mpu uccieso- 
BaHWAX B OONaACTH JMTHMOpraHuyecKux coequHeHHH (7). 


Xsopuctblii wu OpomucTblt WHHK OOe3BOXKUBAIINCb MyTeM NeperoHKU 113 


_KBaplleBoli peTopTbl. BesBoyHplii fogucTbii WHHK NMoulyuasica, Kak OMmMcaHo 
| B wuTepatype. 


Tluoxcan (Be3ze nlogpasymepaetca 1,4-quoKcaH) u apup OblIN BbICYUIeHHI, 
Kak OObIUHO, Ha HaTpHeM. 
CmMemauHuHoe WHHKOpraHuvecKoe coequHeHHe 


~CoHsZnJ-CaHsO2 13 RUITHAWUMHKA H HOARUCTOTO WHHKa. 


‘ 


Cmeumpator pacrBoppi 2 r (1 Moab) AusTHAWMHKAa B15 Mia scupa u 5 r (1.Moub) 
foxuctoro wHHKa B 20 ma Toro xe pacrBoputena. Ip npHOaBeHHu 10 ma 
JWMokKcaHa BbilagqaeT Oevblit KPHCTaIMYeCKHH OCaOK, KOTOPbIH OTCaCbIBaIoT, 


* JIpyrad Bo3MoxKHOCTb — 9TO MpHfaTb MosyyeHHIM UMHKOPraHHyecKHM CoeMMHeHHAM, 

Mo aHayloruu C M3y4eHHbIMH ofHuM u3 Hac UT. B. Tananaepou (7) IMTHHOpraHHyecKHMH TPpoi- 

HbIMH KOMIVIeKcaMH, (opMyly TpolHoro KommlseKca ReZn-ZnX2-2CaHgO2 (cooTBercTBeHHO 
abup). (Cp. taxxe (‘)) ‘ 
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HPOMBIBaIOT XOJIOAHbIM MeTPOeHHEIM 9PHPOM H CyllaT B BakyyMe. TlonyueHo 
7,7 r BemecTBa (BbIXO] 80,0% vTeopnn). 

TlonyueHHblii KOMMIeKC MO CBOHCTBaM aHaJIOrHYeH KOMMIeKCy, MOTYYeH- 
HOMY H3 WHHKa HM Mofucroro 9sTHJa (cM. cJleqyIOulHH OMIT). 


Hafigeno %: Zn 24,60; 21,64; J 41,11; 40,83 


CeHy3ZnJOz. Brruucsieno %: Zn 21,15; J 41,04 


CmMmewuaHuoe WHHKOpraHuuecKoe coewuHeHue 
CoHsZnJ -CaHsOs «135 Al ia Wee i CeO 0; Orr sika: 13 r cnaa- 
Ba I[MHK-Melb (8% Mequ) BBUJe ONMIOK MOMelalOT B KOJIOY EMKOCTbIO 300 Mut, 
CHaOKEHHYIO MelIaIKOM C PTYTHBIM 3aTBOPOM MH OOPAaTHBIM XOJOMJIbHHKOM, 
upumBator 15,6 r (1 Moub) oguctoro sTua HM HarpeBaloT PeakIMOHHy!O CM€Cb 
pH 9Hepru4HoM MepeMeliMBaHuN JO TeMMepaTypbl KMMeHHA MOMMCTOFO STHIA. 
Uepes mouiropa uaca HayHMHaeTCA SHeEPrH4yHad peakIMA, H BCH PeakIMOHHAaA 
CMeCb 3aCTLIBaeT B Cepylo TBEpsylo Maccy, KOTOpy1o pacTBopsroT B 30 Ma acupa 
u (UA_TPy!OT MOA a30TOM Yepes BOPOHKY CO CTeKJIAHHbIM HJIbTPOM No 4. 
K dusptpaty qoOaBisior 20 Ma QMOKCaHa, MpH 9TOM BbinafaeT Oesbli KPU- 
cTaswIMueCKHH OocaqoK. BpimaBuiui OcayOK OTCaCbIBalOT, IIPOMbIBalOT XOJIOQHbIM 
neTpouelinbim spHpoM mu cymaT B BakyyMe. IlomyyeHo 25,1 Yr BeujecTBa 
(80,6% TeopuuH, CUHTad Ha B3ATHIN HOAMCTHIN 9TH). 


Halineno %: Zn 21,25; 24,30; J 41,04; 41,30 
CegHygZnJOz. Brruucneno %: Zn 21,15 J 41,04 


BsaumMofetctBue CsHsZnJ-CsaHeO2 nh xn0puctToro 6en- 
30H aa. Bapecb 8r CesHsZnJ-CaHsO2 (1 Momb) B 10 Ma cyxoro Tonyona 
HOMelaioT B KOOY eMKOcTbIO 250 MJ, CHaO*KeHHY!IO MellaJIKOH C PTYTHbIM 
3aTBOPOM, KalleJibHOH BOPOHKOH, TEPMOMeETPOM UH OOPaTHBIM XOJIOLHJIbHHKOM. 
Tipu Hapy2kHOM oxsiaxenuu fo 5° npukanpipaioTt 2,4 r xopucToro OeH30na 
(0,66 Mow); MpH 9TOM 3aMeTHOrO NOBbILIEHHA TeMNepaTypbl He HaGwlORaercs. 
CHHUMA€IOT OXJ1ax%KeHHe H MepeMeLIMBaIoT IPH KOMHATHOH TemMepatype JO UCue3HO- 
BeHHA 3alaxa xJOpucToro OeH30Ha (OKOO Toyuaca). Ilocme pa3snoKeHuA 
BOOM OTACIAIOT TOJIYOIbHbIN CIOH, BOLHbIN CIOH SIKCTParupyl!oT TOJTYOJIOM. 
TOJYOJIbHbIM = paCTBOp MPOMbIBalOT BOOM, PasOaBJIEHHbIM AMMHAKOM, Elle 
pa3 BOAOM HW CyiaT Hay MpOKaJIeHHbIM MOTAaWIOM. OTTOHAIOT TOYO WM MOsyualor 
0,72 r BeulecTBa c TemmepaTypoH KuNeHuA 215° (TemnepaTypa KuNeHHA STHI- 
tbenuikeroua 218°). Brrxog 31,3% (cuntaa Ha B3ATHIii XOpucTbIii SeH30ns). 

CMemanHuoe WHHKOpPraHHUecKoe coeqRuHeHue 
n-CH3CeHaZnBr -(C2Hs)2O 13 n-TOAHAMHHKA UH OpoMuctToro 
aM HK a. CmemmBaror pactBopp 1,5 r (1 Moab) gu-n-TONMWHHKa B 10 Ma 
apupa u 1,3 r (0,95 Mona) Opomucroro WHHKa B TaKOM 2Ke OObeMe TOrO xe pac- 
TBOPUTeIA (MpH CMeWeHHH — slerkKoe moMyTHeHHe). Tlocme oTroHKH B BaKky- 
yMe OAHOH TpeTH pacTBOpHTeIA BHINABLUAH GevbIi KPHCTAIMYeCKHH OCaOK OTCa- 
CbIBaIOT H CyllaT B Bakyyme. Ilouryueno 2,6 r BemecTBa (BEIXOZ 72,5 % TeopmnH). 

Hafigeno %: Zn 24,20; 21,44; Br 25,76; 26,05 
CyHyzZnBrO. Boruneneno % : Zn 24,08: Br one 


CmMellauHHOe WHHKOpraHHNYecKoe coehuHeHuHe 
CoHsZnJ (CoHs)2O u3 RUuPeHHAMUHHKAN HOAUNCTOrO UNH Ka. 
CmeumBaior pacrsoppr 1,1 r (1 mMomb) gudenuaunuka B 10 mua spupa u 
1,55 r (1 Mob) Hogucroro WHHKa B 10 Ma Toro xe PacTBOPHTeJIA UW OCTABJIAIOT 
CTOATh B TCHCHHC HECKOJIbKAX YaCOB (IPH CIMBaHHH pacTBOPOB JerKoe MOMyT- 
HeHHe, KOTOpoe HCuesaeT pu crosHHH). [locne orroHKU B BaKyyMe 3HauNTeJIb- 
HOH 4aCTH PaCTBOPHTeJIA BbINABLIMH OesbIt KpHCTaMYeCKHH OCaloK oTca- 
CbIBatoT H CyllaT B TOKe a3zoTa. [lomyyeno 2,6 r BemectBa (BbIxog 79,0 % Teopnn). 


Haiigeno % : Zn 18,63;19,16; J 36,67; 37,03 
CroHisZnJO. Buranesteno % : Zn 19,05; J 36,97 
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BsauMofmehctBue CegHsZnJ -(CoHs20O u xnopuctoro 6en- 
30u Wa. Bspecb 11,3 r CesHsZnJ -(C2Hs)2O0 (1 Mon) B 30 Ma cyxoro Tomyoma 
MOoMelaioT B KONOy emkKocTbIO 200 Mu, CHaG»KeHHY!IO MellaKOi Cc PTyTHBIM 


3aTBOPOM, Kall€JIbHOH BOPOHKOM, TEPMOMeETPOM UM OOPaTHBIM XOJIOJMJIbHUKOM. 


lpn HapyxkHoM oxaaxKyeHun (neq) npnKanpiBaor 3 r (0,66 moma) XJIOPHCTOrO 
OeH30HJIa C TAKMM pacueTOM, UTOObI TeMMepaTypa PpeaKUMOHHO! cMecu He NOL- 
HHMaJlaCb BbIe 5°, 10 OKOHYAHHH MIpHOaBJIeHHA PeaKUMOHHYIO CMeCh Mepeme- 
IMBarOoT B TeueHHe aca Oe3 OxaKkyeHuA. Tlocme pa3snoxKeHHA BOZO TOYOWNb- 
HbI COM OTeNAOT H OOPabaTHIBalOT Kak OObIMHO. Toyo orronsior u Momy- 
uaroT 2,8 r BemlecTBa c Temnepatypoi muaaBnenua 42—44° (6e3 Kpuctamu3a- 
Wu; T. M1. OeH3odenoua 48°). Brrxon 72% or TeopHu, CUHTaA Ha B3ATHIIi 
XJIOPHCTHIH OeH30MUI. 


Hay uHo-ncceqopaTebcK uit Tlocrynnuao 
(PH3MKO-XHMHYeCKHH MHCTHTYT 20 VIIT 1958 
uM. JI. A. Kapnopa 


LMTHPOBAHHAS JIMNTEPATYPA 


Pee la mainkelearied, Glen Amiens. sl/l) (1849) = eaeeB lea testes) Bullle Soc: 
Chinas (G5), De 1 BOVE GIN), PE - Tpo3fRo0B, PKP®XO, 35, 340 (1908). 
7A.B..Garnrett, A. Sweet etal.,Rec. Chem. Progr., 13, 155 (1952). ®&C.R. Nol- 
ler, J. Am. Chem. Soe:, 51, 594 (1929), OWS, I ALES. MWK Fro mm, Ber., 
DOS (926) tee ie eewleden duieare pean Ke An Cowie ll Kom. JNOX 13,392 (1953); 
Miss. AH CCCP, OXH, 19538, 126, 289; JTAH, 77, 621 (1951); 104, 260 (1955); 109, 101 (1956). 
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Jloxaagn Akajemun Hayk cccP 
1959. Tom 124, Ne 3 


PH3HYECKAA XHMHF | 


3. X. EHWKEEB, JI. 1. MAPFOJIHC u 
yleH-Koppecnonyext AH CCCP C. 3. POPHHCKHH 


3APSDKEHHE MOBEPXHOCTH OKHCHBIX MOJIYNPOBOAHUK OB 
MPH AACOPBLMH TASOB MH MAPOB 


Jia WOHUMaHHA MeXaHH3Ma MHOFHX MOBEPXHOCTHbIX MpOWeccoB CyllecT- 
BeHHO 3HaTb QJIEKTpHYeCKOe COCTOAHHE aCOpOupOBaHHOH MOveKysbI. MMeetca 
pA paOoT, yKa3biBalolulMX Ha 3apAxKeHHe MOBEPXHOCTH MOJYNPOBOAHHKa MpH 
aJCOpOUMH pasJMUHbIX BeulecTB (*,”), OHaAKO MOUTH HeT JaHHbIX O BIMAHHK 
THMa CBA3H alCcOpOupyeMOH MOJICKYJIbI C MOBEPXHOCTHIO MOJIyYNpOBOAHUKa Ha | 
Xapaktep 3aps2KeHua. UyBCTBHTeJIbHbIM METOJIOM OOHaPy2Ke€HHA NOBEPXHOCTHOLO: | 
3apafla ABJIAeTCA Uu3sMepeHHe paOoTb! BbIXOLa (*). 

Jl W3yYYeHHA CBA3M 3apsDKeHHA MOBEPXHOCTH Cc ajcopOuneH Opi BHIOpaH 
MeTO,, BAOpupyroulero KOHTeHCaTOpa (*). HenofxBuxHOH MlacTHHOH KOHJeHCa- 
TOpa CJYKU UCCeLyeMbI MOPOWKOOOpasHbI MOJIyNPOBOAHHK, a BHOpUpyto- 
wel —301I0TaA MwacTHHKa. TOuHOCTbh oTcueTa cocTaBiasa oKo0 0,01 B. 
Mcceneqopanach agcopouna O2, He, CO, COz, CsHg u napoB u30nponnsoBoro: 
cnupta Ha ZnO, V.O;, CuO u NiO, “3 KoTOpbIxX MepBbIe JBa BJIEKTPOHHBIe, a 
MocleqHHe JBa TbIPOUHbIe NOJYMpOBOLHNKH. SanomHeHue § NOBepxXHOcTH aj- 
COpOTHBOM oMmpefesAOCcb He3aBHCHMO OT U3MepeHHH Vx MaHOMeTpHuecKH. 
B pa3Hbix onbitax § mexKas0 B Mpegenax or 0,001 yo 0,5—0,7. O6pasub mpo- 
rpeBasiucb (250—400°) npn HenpeppiBHo oTKauKe Jo BakyyMa ~10~-° mM. 

Ha puc. 1 npwBegeHa 3aBHCHMOCTb KOHTAKTHOrO noTeHIIMata Vx NiO or 
JWIMTEIbHOCTH TPCHHPOBKH OOpasila, paHee HaXOJMBIerocaA B aTMOCHepe KHC- 
Nopoya. CyJIbHOe yMeHbIIeHHe paOoOTb! BbIXOJa, MO-BUAUMOMy, O6yCOBIeHO 
jecopOuueh KucOpoqa Cc MOBepXHOCTH KaTadu3aTopa. 

Takasl BbICOKaA UYBCTBUTebHOCTh Vx K KHCIOpOy Ha MOBeEPXHOCTH OKH- 
CHBIX MOJYNPOBOAHHKOB YKa3biBaeT, YTO CpaBHHBaTb MOJYMPOBORHUKH, paHee 
HaXOJMBIUMeCA B aTMocdepe Og, NO pa6oTaM BbIXOa BOSMOXHO JIMUIb WIA O6- 
pasloB, OOpaOoTaHHbIX CTporo OJMHaKOBbIM OOpa3ooM. 

Tlocne JocTwKeHHA TIpH TpeHupoBKe MpHGMsHTebHO NOCTOAHHOTO WIA 
AaHHOTO NOJYNPpOBOMHNKAa 3HAYCHHA KOHTAKTHOFO NOTeHIMala UCCIeLOBalach 


acopOuMsA Pa3JIMYHbIX Ta30B UM MapOB MPH KOMHATHOH HM MOBBILNeHHBIX TeMMe- 
patypax. 


aioe ae 


SHaK 3apsjla NOBepXHOCTH MOMyMpOBOAHHKa pH aycop6mHH ra30B 


Aycop6Tus 
Tlomynporon- 

HHK 

O2 H. (GO) COz C;H, 
CuO — He ajc. + HeT M3MeH. “5 
NiO — He ajc. + HeT H3MeH, + 
V.05 — alk al. HeT H3MeH. ail 
ZnO — He alc. He ajc. HeT H3MeH. HeT H3MeH. 


B ta6n. 1 npnpenexni JaHHbIC MO 3apA%KeHHIO MOBEPXHOCTH OKHCHBIX MOJYy- 


IPOBOABHKOB TipH ajcopOunn razs0p (mpu 20°). Bce rash, Kpome Kucmoposa, 
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JancopOupysxAcb, HOO yMeHbilaioT paOory BbIxOfa, T. e. ABSIOTCA OHOpaMn 
‘9N€KTPOHOB (°) HesaBHcuMO OT THMa NOMyNpOBOANUKa (HHBepcuH 3Haka 3apsfa 
‘pH aycopOlnu Ha n- MU p-MpOBOAHHKaX HAMM He ObIIO OOHapyxeHO), H60 He 
M3MCHAOT padoTb! BHIxOfa (COs, C3sHg Ha ZnO). Cuefyer ormeruth, uTO B 
9TOM Cylyyae ancopOuna MporeKaer oueHb OpicTpo, a npu 80° npoucxogzuT mourn 
(NOHaA WecopOWHA STHX Ta30B; BePpOATHO, B 3TOM CuIyUae uMeeT MeCTO (pu3H- 
yeckaa alcopouua. 

TlogrBepxkgeHue 2TOFO BbIBOJa MbI HaxOQuM pu agcopOunu C;H, Ha CuO 
(puc. 2). B arom cyuae MbI Ha6mOfaeM TaKxe ObICTpy10 OOpaTuMyl1o0 aycopo- 


MG 
150; 


aN 


e § 8 § 8 
ah, 
Sy 

1 

% 
—<—— Beimopwk. 
Oren fee ewes feces fan hee ee 
— Parmopar, 


aff 


fee De Ate OCeGe lgP 
Puc. 1. 3aBHcHMoctTb KOHTaKTHOrO NOTeH- fPuc. 2. 3apsxeune ‘nopepx - 
uaa Ve OT AAWTeIbHOCTH TpeCHHPOBKH HOCTH DpH aycopounu 'C3H¢ 
obpasia Ha CuO (80°) 
MO 
100 
mG 
150 > 
100 ue © 
See Sa 
J 0 J 
a 0 
=o ot 0 Cibo Sem ones 
ee es 
Puc. 3. 3apucuMocTb KOHTaKTHOrO M0- Puc. 4. M3menenue KoHTaKTHOrO 
TeHIHaJa Ve OT 3aNOJIHCHHA MOBEpXx- MoTeHilvama ZnO npu ancopomun 
HocTH @ M30NponusoBoro cmupta (20°) 


WuI0, HO yxKe mpH Goee BEICOKHX TemMepaTypax (50 — 120°), uTo, mo-BujH- 
MOMYy, YKa3biBaeT Ha XMMHYECKHHM XapakTep mpouecca. PaOota BbIxXOJa PH 3TOM 
pe3ko Majlaer. 

Kucaopon, aqcop6upyscb mpouno u HeoOpatumo Ha NiO (20°), eme Oonee 
pe3Ko u3MeHAeT (yBesMUNBaeT) padoTy BbIxoa (puc. 3). 

Cpoeo6pa3Had KapTHHa HaGsiofaeTca mpu aqcopOuun napoB u3s0NponHoBoro 
cnupta Ha ZnO pu 20° (puc. 4). 3HaveHNe KOHTAKTHOFO NOTeHIWMada MPOXOANT 
yepes MakcumMyM (paOoTa BbIXOJa Yepe3 MMHMMYM) Mp 3ano/JIHeHHM CNMPTOM 
10% noBepxHoctTu agcop6exuTa. B meBol uacTH KPHBOM, COOTBETCTBYIOMLeCH Mpou- 
HO HeoOpaTuMou xuMuyecKkoH agcop6unu cmuptTa, paOoTa BbIxofa Majaer, 
aB lpapod uacru, rye ayqcopOuna cna6axn u OOpaTHMas, paooTa BbIXOJla YBeIMUH- 
Baetca. TIpu moppinmennn TeMnepatypbl MpoucxosuT AecopOunA cabo cBAsaH- 
HOH uacTu cnupTa u mpu 80° Ha xpuBolt V, (8) (6 — 3anomHenne NOBEpXHOCTH) 
OCTACTCA TOJbKO MpOuHO acopOupoBaHHbiii cnupT (leBax yacTb kpuBoli). Ta- 
KUM O6pa30M, Cma6aa OOpaTumas copOuMA yrmeKkuCoro ra3a WH MponneHa Ha 


607 


ZnO upu 20° He BbIsbIBaeT H3MeHeEHH A paOorbl BbIXOJla, a TaKasw *Ke ajcopouus 
uZ0NponuOBOrO ciupTa (mpaBad BeTBb KpHBOH puc. 4) yBeMUMBaeT Ce. IIpy 
3TOM, KaK MOKa3bIBaloT W3MepeHHA  IJICEKTPOMPOBOAHOCTH,  IMPOBeJCHHbI 
T. M. )KaOposoit Ha Tex *e OOpasiax, ca6an u OOpaTHMO acopOupoBaH, 
Had YaCTb CMUPTa HE BbIZbIBACT 3aPAXKCHHA MOBEPXHOCTH. 

UsmeHenue padorbl BbIXOJla B 9TOM CJly¥ae, BeEpOATHO, MOXHO OObACHHTH 
JMMOJIbHBIM XapakTepoOM aflcopOupyeMOl MOJIeKYJIbI CIMPTa, B OTJIMYMe OT CHM} 
MeTPHUHBIX MOeKys CO, u C3H,. LeicTBuTembHO, OleHKa BeJIMYHHbI junomss 
mo puc. 4 qaer 3HayeHne 3-10-8 cm, uro He OYeHb AaseKO OT TaOJIMUHbIX aH 
HbIx (1,38-10~§ cm). ) 

TakuM O6pa30M, H3MepeHHA KOHTAKTHOM Pa3HOCTH MOTeHIWMaJIOB ABJIALOTCH 
Me€PpCNeKTHBHBIM MeTOJOM H3yYeHHA XapakTepa CBA3H afcopOupyeMoH MoOVIe+ 
KYJIbI C MOBEPXHOCTbIO MOJTYMpOBOAHHKa. 


Unctutyt cbu3nueckol XuMun Tlocrynuao 
Axkayemun HaykK CCCP 14 VIII 1958 


UMTMPOBAHHAA JIMTEPATYPA 


1p, Aigraing GC. Dugas, Zs. Blektrochem., 56, 363 (1952), 1) Bs Giesninrasiagy 
C. R., 236, 238, 345 (1954). 2 H. J. Engel, K. Hauffe, Zs. Elektrochem,, 57} 77 
(1953); H. I. Engel, Halbleiter Probleme, Ne 1, 249 (1954); @. 0. BonbKenmTe i H,, 
Bectu. Mockosck. yHus., 12, 79 (1957). B. UW. Jisameunxkxo, W.U. Crenxo, IIpo-+ 
OIeMbI KAHETHKH HW KaTasusa, 8, 180 (1955). *S. Roocsenfeld, WeM- Tos ki mis) 
Rev. Sci. Instr., 16, 343 (1954). *® B. WU. Jia meuxo, JIncceptauua, Kues, 1955. 
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Horaane Akagemuu nayr CCCP 
1959. Tom 124, Ne 3 


PHSHIECKAA XHMHA 


E. A. E®HMMOB u MH. LF. EPYCAJIAMUHK 


UCCJIEQOBAHME IJIEKTPOJHbIX PEAKIMM HA KPEMHVEBOM 
KATOJIE 


(ITpedemaeaexo axademuxom A. H. ®pymxunoim 11 1X 1958) 


Kak Obluo NoKasaHo B page pador ('~>), kuHeTHKa 9eKTPOXUMUYeCKHX pe- 
WikUMM Ha TepMaHHeBOM SJIeKTPOe OTMMUAeTCA PAROM cneuMduyecKUX OCobeH- 
M10cTeH, OOYCOBJICHHBIX MOJYMPOBOAHAKOBOH MpHposoll snekTpoya. B cBasu 
3TUM MpPeACTaBAIOCb MHTePeCHbIM YCTaHOBMTb, B KaKO Mepe 3TH oOcobeH- 
#IOCTH MOFyT MPOABJIATHCA AIA Apyroro MOyMpOBOAHAKOBOrO MaTepHasa — 
<PCMHUA, TEM Ooulee, ITO B WuTepaType He MMeeTCHA padoT, NOCBALLCHHBIX 3TOMY 
}30rpocy. 
B uwactTosieH paOore MeTOLOM NOJIAPH3alMOHHLIX M3MepeHuit u3yyuasNCb 
JIPOLeCchI SNEKTPOMHTHYECKOFO BEIIeeHMA BOLOpofa M BOCCTaHOBMeHUA cep- 
JIHUManHa KaJIMA Ha MOHOKPHCTaJIJIMYeCKOM KpeMHUM p- HM n-THMa, OpHeHTH- 
J0BaHHoM n0 111, B uHTepBase nmoTHocTei ToKa 10-°—10-! a/cm? npu t = 20°. 
(Meroquka MOAPH3AUMOHHBIX H3MePeHHH,KOHCTPyKUUA 3eCKTpORa u 9sTeKTPO- 
M3epa HACHTMUHHI OMMCAHHbIM B padorte (°). Omuyeckue KOHTAKTbI C KpeMHHeM 
cO3MaBaJIUCb C MOMOLLbIO IICKTPOHMTHYeCKOrO HaHeceHuA pomus. [lepeq Kax- 
IbIM ONbITOM 3ueKTpOA OOpadaTEIBaca B cmech HF : HNOs (1: 2) uw gamnee 
8 42% HF. IlpeqBaputembHaa oOOpa6orKa KpeMHuA B KunAMeH KOH (5—10%) 
[aBala UeHTMUHbIe pesysbTaTHl. B KauecTBe SJIEKTPOJa CpaBHeHHA B KUCJIBIX 
PacTBOPaX HCHOIb3OBaJICA BOMOPOAHbIH SICKTPOA, a B WICJIOUHBIX pacTBOpax — 
HacpillenHbtit KaJIOMeJIbHbIM TOJLySJIeMeHT. 

Ha puc. | noka3aHa 3aBHCHMOCTb NepeHanpAxXeHUA BOMOPOAa OT Morapudma 
fyioTHOcTH TOoKa B 2 N H,SO, Ha KpeMHHH p- HM N-THMa C pa3JIM4HbIM Y]CJIbHbIM 
COMPOTHBJICEHHeM HW BPeCMeHeM %KH3HH HeOCHOBHBIX HocuTeell ToKa 30-— 
40 ncex. Bee KpuBbIe MpakTH4ecKH COBMaaloT B MHTePBase MIOTHOCTeH TOKAa 
10-®—10-4 a/cm? u umeror Kosdcbunuent HaKona b = 0,18. IIpu Oonee Bpico- 
KUX MMOTHOCTAX TOKa HaGwIOfaeTcA UX pacxoxeHne. AHaJIOrHuHbIM XapaKTep 
KPUBbIX uMeeT MecTo B | N KOH (puc. 2). Bce kpupple puc. | w 2 nonyuenbi mp 
MOMHOM 3aTeMHeHHH aueKTpomusepa. [Ip ocBelleHuu deKTpOda H3 KPeCMHUA 
p-tuna (o=10 om-cm) 200-cBeuHOH maMMoi HakaMBaHHA NOTeHIMaJ ero CMe- 
masmca Ha 10O0O—200 mp B Oouee MOMO*KUTEbHYIO CTOPOHY BO BCeM HCCeYeEMOM 
MHTepBase MOTHOCTeli TOKa. Ha KpeMHHH N-THMa NOMOOHOrO ABJIEHHA He HaOJ1t0- 
qalocb. TaKHM 0Opa30M, XOf| KPHBBIX MepeHalipsKeHHA BOMOpOfa WA Kpem- 
HUA PC3KO OTMMUACTCA OT AHAJIOFHYHbIX KPUBBIX JIA TepMaHuA (°), re BenuHHa 
HepeHanpsKeHUA BOMOPOLa He 3aBUCeMa OT THMa NPOBOAMMOCTH SCKTPONa. 

B coorsercrBuu c Bparraiinom u Tapperom (*) MovKHO MpeAnOm0xUTb, YTO 
DacxoweHve KpHBbIX puc. | OOycOBIeHO 3aTpyAHeHHAMA Auddy3uu HEOCHOB- 
1bIX HOCHTeell TOKa — 9/IEKTPOHOB H3 PIYOUHbI NOJIYNPOBOAHUKa p-THIla K ero 
1oBepxHocTH. OfHako Takoe OOpsicHeHHe BPA, AM OyeT COOTBETCTBOBATH Jleit- 
-TBuTebHOCTH. B CaMoM jleme, ecm u3ru6 KpuBo J mpu J ~10~* a/cm? BeIsBI- 
sACTCH MOABICHHEM MpeyesbHOrO TOKa Auppysun SEKTPOHOB, TO TPyAHO Jo- 
IYCTHTb, UTO 9TO 2%Ke ABJICHHE HAaCTyMaecT IPH ]~10- a/cm? B KpeMHuH n-THNA, 
Ie IJICKTPOHbI ABMAIOTCH OCHOBHbIMH HOCHTCIAMH TOKa. Kpome Toro, ecm 6b! 


aTpyquenua B Audpy3sun IIeKTPOHOB B KPCMHHH urpaH eHCTBATeIbHO 
609 


i 
l 


} Banas 1223 


© y | 
pelalouky!O POIb, TO Pacxo*ReHHe KpuBbIx 3 u 4 OplvlO Obl BbIPAarxKeHO 3Hauny 


BOM3H KpHBon J. 
TeJIbHO pe3ue H OHH He PacnOsarasMCcb Obl p 


[lo HalieMy MHeHHIO, Ppa3sJIM4He KPMBbIX PHC. 1 ne CBA3aHO C JIMMATHPY!04 


(HM BJIMNAHHeEM THIla MpOBOAHMOCTH KPeCMHHA Ha mepeHallpAwKeHHe BOMOpOsa 


a Cc OMHUCCKHM NaseHHeM HallpA*KEHNA B O6€HCHHOM coe NOJTYNpOBOAHUKa, KO 


: t dg 2 
~§0 . 


Ug.J (alem2), ———— 


Puc. 1. IlepenanpsxeHue Bozopofa Ha KpemHuH B 2N H2SO4. 
1—p-tun, oe =10.0m-cm; 2—n»-tun, e =10 om-cmM; 
3 — p-THu, p = 25 om-cm; 4—n-THN, ge = 25 oM-cM 


Topoe BKUIOUaeTCA B H3MePAeMyIO BeJIMUHHY MepeHanpsxKeHua. Jlask 


MNOATBEPKNLeHHA STOO MpenoNOKeHHA HaMH Oblia H3MepeHa Auddpepennuasp-) 
Hasl EMKOCTb KPCEMHHEBOTO SieKTpoga Ha yactore 200 ri (puc. 3). Cornacno pac-} 


yetam Bonenkamma ut Ourevia (°) B ROCTaTOUHO KOHILCHTPHPOBAaHHbIX} pacTBopax 


-§ ag “9 = 
lg J (a/om4) 


Puce, 2. Tlorennuaa xpemuneroro Katona B 41N KOH (MIpoTHB 
KaNOMCJIbHOrO = 3uIeKTpowa). L—p-tun, ep = 10 om-cm;, 
2—n-Tun, 9 = 10 om-cm 


SICKTPOMMTOB BeIMYMHA EMKOCTH MOMYIPOBOAHUKOBOrO SNeKTPOAa OOYCJIOB- 
JIMBaeTCH WIMPHHOH OOeAHEHHOFO COA B NOJYMPOBOABUKe, a HE 3JICKTPOXHMH- 
YeCKHMH Mpotleccamu. Tora MpHMeHUTebHO K HallHM pe3ymbTatam (puc. 3 
MaKCHMaJIbHOH IWMPHHO OG6eqHeHHOTO clo, a C€QOBaTeIbHO, WH HanOObUIHN 
OMHYCCKHM TaeHHeM HanpsKeHHA LOMKeH OGNanaTD KPeMHHMM p-THNa Cc p = 
= 10 om + cm. Bums3xo x HeMy PacnoNaraloTcaA MaTepHaJIbl p- H A-TuNa Cc op = 


—_— 9 
= 25 om-cM. Bo Bcex uerpipex Cily¥aaX MaKCHMA@JIbHas EMKOCTH uM, CeMOBATe Ib 
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HO, HAaMMCHBIINe SHAYCHHA IIMPHHb! OO€AHEHHOTO COA M TaqenuA HampsxKe- 

HHA B HEM HaOsozaloTcA Ha KpeMHMM n-Tuna c p = 10 om: cm. Pacnonome- 

HH€ KPHBbIX pic. | HaxogHTCH B MOJIHOM COrmacHH C JaHHbIM OObACHeHHeM. 

B cBere THX MpesnosomKeHul cTaHo- 

BUTCH MOHATHBIM OTCYTCTBHE pe3KOrO H3- mep/om? 

ru6a KpuBbix y= Ig/ quarepmanusa (°) np 25 2 

I1<107 a/em?. Vismepennaa uamu ua 

WaHHbIX yCJIOBHH CMKOCTb repMaHHeBoro 

alekKTpofa C p= 1 OM-cM _ cocTaBasner 

10—S0 mc/cm?. Ona ropasqo Bpmue, uem 20 

€MKOCTb KpeMHHeBOrO SuIeKTpoa (puc. 3). ce 

Tlostomy MOxKHO Ox*KuaTb, YTO HCKaxKeHHe 

KpuBol 1 —lg/ 1u3-3a omuyeckoro maye- 

HH HalpAxKeHHA B OOeAHEHHOM Culoe 6y- 

WeT MMeTb MeCTO TIpH Oomee BBICOKHX 

MWIOTHOCTAX TOKa. I]poBeyeHHbIe onou- 

HHTCJIbHbIe ONbITb! WOKa3aIM, YTO Takoe 

UCKaxKeHHe JeHCTBUTeIbHO HaGwOsaeTca 

Ha repMaHHu nmpu ~3-107+ a/c’. 
CuykKeHve nepeHanpsxKeHHA BOOpona 

Ha KpemuHun p-Tuna Ha 100—200 mB nox 

JIeHCTBHEM CBeTa CBHJETeEJILCTBYeT O TOM, 

yYTO BC€ Ke MMEIOTCH HEKOTOPHIE 3a- 

TPpyMHEHHA MpH MocTaBKe 9IJIeCKTPOHOB 

H3 ruryOuHbl NOJYMpOBOAHHKa K ero Puc. 3. EmKoctb kpemuuezoro 9asleKTpona 

NOBepXHOCTH. OfHakO 9TO sABeHHe He B a ee aT Ese 

SABJIA€TCH OCHOBHOH MPMYHHOH NepeHa- o = 25 om-cm;4—n-Tun, p = 25 irae 

—mpaxKeHua Bofmopofa. Ilo-BuyquMoMy, KH- 

HeTHKa BBIJeeHHA BOMOpOMa Ha Kpem- 

“HMM, KaK HM Ha repMaHHH, JIMMUTHpPyeTCA B OCHOBHOM IIpoleccaMu, Mpoucxoys- 

ULMMH B JBOMHOM 3JIEKTPpHYeCKOM CJloe, a He B TlyOuHe NOJynpoBognuka. [lo- 


Osea 


eo a “4 =o 2 -f 


lg J (a/em?) 


Puc. 4. Monapusamua KpemHHeBOrO KaTOJa MPH BOCCTAaHOB.JIe- 

Hun dbepprunanuga Kasua, 1 — p-TunB2N H2SOq; 2 — n-Tun 

B 2N H2SQq; 3—p-tun B 2NH2SO,+ 5 r/a KsFe (CN)e; 

4—n-tun B 2N H.SO,-+ 5 r/a KgFe (CN)e; 5— p-THn B 

2N H,SO, + 0,5 r/a KsFe (CN)6; 6 —n-THn B 2N H2,SOa+ 
+ 0,5 r/ a K3Fe (CN)e 


JIYYeHHOe HAMM BbICOKOe 3HayeHue Koad puluenta b = 0,18 B oveBY AHO CBA3aHO 
© H€KOTOPOM OKMCJICEHHOCTbIO NOBePXHOCTH dIeKTPOfa MPH HeOO/bIUHX OTPH- 
UaTeJIbHbIX MOTeHILMalax. 
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JLia Toro YTOOb! BLIACHHTb BJIMAHMe THMa MpOBOAMMOCTH KPeMHHeBOrO Ka- 
rola Ha MpoTreKaHue Apyroi aeKTpOXHMUYeCKOM peaKIMH, HaMu ObIIM CHATHE 
NOAPH3ALMOHHbIe KPHBbIe MIA Mpouwecca BOCCTaHOBJICHUA K;Fe(CN), (puc. 4). 
Kak BHHO H3 puc. 4, KAHeTHKa peakIMM BOCCTAHOBJeHMA PeppHuUnanAa 3a- 
BHCHT H@ TOJIbKO OT KOHILCHTPalluH 2JTHX HOHOB B pacTBOpe, HO UH OT MOJyMpo- 
BOMHHKOBOM MpHPOAbl KaTOfa, MpHyeM 9Ta MOCMeRHAA OKas3bIBAaeT Topa3fo 
6o/bulee BAMAHHe, 4eM B CyYae BbIWeMeHuA Bogopoya. IIpu ocBeweHHu 9.1eK- 
Tpoa p-Tuna KpuBad 3 sHauuTebHO NpHOAMxKaercA K KPUBOl 4. Oro CBHeTeNIb- 
cTByeT 0 TOM, YTO pacxoKeHue KpuBEIX 3 u 4, 5 u 6 BbISBAHO HEXBATKOM 9J/ICK- 
TPOHOB Ha HOBePpXHOCTH KpeMHHA p-TuMa. 

Takum 06pa30M, NpoBeyeHHbIe OMbITHI MOKA3bIBaIOT, YTO BJIMAHHE MOJYMpo- 
BOHM KOBBIX CBOMCTB KaTOa Ha KMHETHKY IJICKTPOXHMHYCCKHX peaKIMH MpoaB- 
AACTCA MO-PpaSHOMy JIA pasM4HbIX peakuuH. Tak, THM MpOBOAUMOCTH MOWy- 
(IpOBOLMKa, He BINA Ha Mpolecc BbIeleHHA BOROposa Ha repMaHun (°). 
B TO 2K@ BPCMA OKa3bIBaeT HEKOTOPOe MeHCTBHe Ha STOT xe Mpolecc Ha KPeMHHH 
HM 3aMeTHO CKa3bIBaeTCA MPH peak BOCCTaHOBJeHHA (beppHilManusa. 

Tlo-BHquMOMy, 4eM MeHbIe 2/ICKTPOXHMMYeCKad MOMAPH3alMA KaTOAHOU 
peaKilMv, TeM Oomee 3aMeTHO BAMAHHE MOJIyMPpOBOAHHKOBbIX CBOHCTB MaTe- 
pHasla 91eKTpoa. 


Ilocrymuao 
10 IX 1958 
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Horsagn Aranemun nayx CCCP 
1959. Tom 124, NM 3 


PH3SHYTECKAAH XHMHA 
lO. C. 3YEB u A. 3. BOPLIEBCKAA 


O QJIMTEJIBHOM MPOUHOCTH HEKOTOPbIX JE®OPMHMPOBAHHBIX 
MATEPHAJIOB NIPH HX KOPPO3HOHHOM PACTPECKMBAHMH 


(ITpedcmaeacno axadenuxom IT, A. Pe6undepom 26 1X 1958) 


Tak HasbIBaeMOe KOPpO3HOHHOe pacTpecKuBaHHe MaTepHanoB nox BAMA- 
HH€M OHOBPeMeHHOTO JeHCTBUA HaNpsxKeHHA UM aCOPOMMOHHO-aKkTUBHOH, a 


| TaK%Ke XHMHYCCKH-arpeccHBHOM CpeAbl mpescTaBseT OMMH U3 HanGomee omac- 


HbIX BHAOB paspylieHna. Posh NMOBEPXHOCTHO-aKTHBHOM CpesbI B STOM Mpomecce 
BNepBbIe MOKA3aHa MU WHPOKO uCCeqOBaHa B paOotax IT. A. Pe6unyepa u ero 


Puc. 1. BuemHni Buy pe3HH Mocie KOppO3HOHHOrO paCTPeCKMBaHHA B Pa3JHUHbIX 
cpeqax. @ — HaHpHT, OKuCbI asota; 6 — CKT, HCl; ¢ — 6yrun, HNOs3; 2 — TuoxKoa, 
NaOH; 0 — CKC-30, O3; e — CKC-50 K, CHgCOOH 


wkob (*~). Koppo3voHHoe pacTpeckuBaHne HaGstofjaeTcA Ha MHOTMX MatTe- 
pHasax (MeTasmb (*), creKia (°), macTuKu (°)), B YaCTHOCTH Ha pe3HHax MmpH 
qelictBuu o30Ha (°,”). JTanHan paOora npoBosusach C WebIOo OOHapy2KeHHA Apy- 
rHX CJly¥aeB KOPpO3HOHHOTO pacTpeCKHBaHHA pe3HH H ONpeLeeHHA POM B 
B 3TOM IIpollecce XHMHYeCKOH aKTMBHOCTH arpeCCHBHOrO areHTa, ero Lug dpy3u- 
OHHOH uw agcopOuMoHHOl cnoco6HocTH. IIpumenssucb OOpasitbl, MMeIOMIHE MO- 
cle PaCTAKeCHHA OMHHAKOBYIO TOLHHY. OTHOCHTeIbHadA MOPpelHOCTb B ONpe- 
qeieHuu jonropeunoctun (t) Ha 20 o6pa3iiax paBHaach 4%. Sasi 
Anasiv3 MOJYYeCHHBIX Ppe3YJIbTATOB MOKa3bIBaeT, YTO PacTpeCKMBaHue pe3u 
MM€eT MECTO B TeX CJy4anX, KOra HX B3aHMOJeHCTBHe C arpeccopom corpo- 
BOK[aeTCA CHJIbHO BbIpPaxKCHHLIMM JCCTPYKTHBHbIMH MpOleCccCaMH 93JICMCHTOB 
npoctpancTBenHol cerkn. MspecTHo, uTo Takue Mpolleccbl MpoucxoAAT mpu LeH- 
CTBHH O30HA Ha HeHaCbIeHHbIe KayyyKu, mpu elcrsuu HCl u HF ua 
NOM IMMeTHICHOKCaHOBbIt KayyyK (CKT (%)); pacrsopa NasS u_ HCl 
Ha THOKOJ, MOJyYeHHbI u3 guxopsTumopmana (°); HNO; Ha nosn- 
u306yTusien (1°) u, m0o-BHAHMOMY, Tipu MelcTBHH KHCJIOT Ha BYJIKaHH3aTbI M3 
KapOokcuvicofepxKallux KayyyKos ("). B coorBercTBYyIOWIMx CydaAx, a TakxKe 
Apu JeHCTBMH OKUCIOB agora Ha NMOMMXsOpoNpeH HaGMOaOch KOPPoO3sHOH- 
Hoe pacrpeckuBaHue * JecspopMUpOBaHHbIX Pe3HH C MPHMepHO OAMHAKOBOH BHELII- 
Hel KapTuuon (puc. 1). C Apyrofi cropoHb!, U3BeCTHO, UTO TPH AeHCTBUM Ha HK, 


* Vcxmiouenne cocTaBaseT KapOoKcHsaTHbIli JMBUHHIHHTPHaKpHAOBbI ByJKaHH3aT, 
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CKB, CKC traxux areutos, Kak Bro, HCl, mpoucxogaT B pemuiea aes 
npucoewMHeHHA M 3aMelleHHa. Ha 9TAX CHCTeEMaX PaCcTPCCKHB 
6 

pga: « mewopMauwuun Ha BPeMA JO isi ie ee B cu- 
cremax CKT — HCI (raz), nomuxmopompeH — OKHCJIbI a30Ta M Kap ip 
Kayuyk — HCI (ra3) (cm. puc. 2) Bpema Mo paspbIBa pesHH C POCTOM a is : 
uM Mpoxo_uT yepes3 MMHUMYM (OOJIacTb KPHTHYeCKOH jedbopMallu ae 
pw JlaibHeiimemM BospacTaHun AecPpopMallun yBelMunBaeTcaA No onperen ee 
npefena. YkasaHHat 3aBMCHMOCTb HaOONalack parce wurguna ss: Ha a 
Kay4yKaX MIpH O30HHOM pacTpecKuBaHuu pesuH (*,”%). ree yas ee : 
yOBaICA BYKAHU3aT H3 KapOoKcusIcoxepxKatlero Kay4yka CK-1-30 ( : 
MgO u 2 sec. 4. creapuna Ha 100 Bec. 4. KayuyKa),Ha KOTOPOM MOKHO ObILIO 
MPOBePHTb BMAHHEe arpeCCHBHBIX Cpe, NEMCTBYIOUIMX Ha pasJIMUHbIe Bueiee! 
eTpyKTYPbI (Ha BOMHbIe CBASH NOJMMepa DeHCTByeT O30H HM Ha MONMepeuHbl 


CBASU — KHCJIOTHI), a Tak*wKe BJIMAHHeE KUCJIOT, OTJIMYAIOULHXCH KOHCTAHTaAMH 


muccotuanun, WuddbysvouHoH Mu acCOpOWMOHHOM CNOCOOHOCThIO OTHOCHTeJbHO 
moMMepa. f 
CpapueHue BeMUH exp IPH AeHCTBMM Pa3HbIX arpeccopoB Ha pe3HHy U3 
CK-1-30 (puc. 2) noka3a0, YTO ex» MpH ZeicTBHu HCl uu CH3;COOH cyzBunyta 
75 
ae HCL 


4 ee. 6 
Mg 


NO 
200 2 


A \\ 0 ee 
fs \E Po 


me pe) Ea . 
40 80 AIEEE) 40 60 200-500 600 7 
AegopoMayus ————— 


Byes 00 paspella ———» 


PS tee > ee Ba 
See oce ss 


10 
0 


Puc. 2. A—3aBHCHMOCTb BPeMeHH JO paspblBa OT AeopMalNH pe3HHbI H3 

CK-1-30 mpu gelictBHH Os n HCl, Bpema spipaxeno B IIpOWeHTaX KO 

BPeMCHH PaspbIBa Pe3HHbI, pacTAHyTOli Ha 70%; 6 — 3aBucHMocTb BpeMeHU 

pa3pbIBa PeSHHbI M3 MOMMXMOpoMpena oT AecbopMannu pH JelicrBuu Os u 

NOz, Bpema BbIpaxKeHO B MpOweHTaX KO BpeMeHH PaspbIBa Pe3HHBI, pac- 
TAHYTOH Ha 60% 


B cTOpony NepopMalui OOubuIMX (OKONO 90%), uem mpu AelicrBun O; (40%). 
VanTbiBast mpeOrKeHHOe HaMu OObACHEHHE AB/ICHHA KPUTHYECKOll Zebopmaluu®, 
STO OOCTOATEILCTBO ykKa3bIBaeT Ha TO, YTO pH paspbIBe MOMePeuHbIX CBA- 
3eH (10, BiManwem HCl) umeer ecto yes0pnentaua NOJIHMepa B ycTbe Tpe- 
UMHBI OOJIbUaA, YEM IPH AecTPyKUMH MOWeKYJIbI 10 ABOLHOM cBa3K nO BJIMA- 
HHeM Oy. 

BauAHHe KOHWeHTpPauun arpeCCHBHOK CpPeRLu “ma 
BpeMsaA RO paspbeBa. [ii Bymkanusata CK-1-30 8B HCl un CHsCOOH 
Ta SABHCHMOCTbh TaKad 2Ke, KaK MPH OSOHHOM pacrTpeckuBaHHn pesuH (’,!4) 


? 


* Hannune Exp OOBACHACTCA MpeoOaqanvem (HayMHaAc ¢ 
HHA pesHHbl no; 
HallpsKeHHA (12), 
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kp 4 BBILe) Mponecca ympouHe- 
BUIMAHHEM €€ OPHeHTaMH B YCTbAX TpeMHH Hal paspywiarouluM jelicTBHeM 


ee ke~*, IPMYEM MOMO%KEHHE ex) HE 3ABHCHT OT KOHLeHTPaLuu arpeccus- 
JHOH Cpefbl, TAK Ke KaK 9TO HMeET MECTO Ip JelicTBuu osona (4). 
| YcTaHOBJIeHHble 3aKOHOMepHOCTH MO BIMAHMIO JetbopMayMn ni KOHICHTpa- 
(tun O;, a TakxKe CABHT exp B OONaCTb GoubWeli AectbopMauun mp 3aTPYHeHHU 
opuentanun ('”,.*) yKasbiBaioT Ha CXOACTBO Mmpoleccos KOpposHoHHOro pactpe- 


i 


i 


*°KUBaHHA Pe3HH NOX BAMAHHEM Pa3JIMUHbIX arpeccnBHBIx cpex. AHamH3 9KcHIe- 
(#OUMCHTAJIDHDIX JAHHbIX yKa3blBaeT Tak- 
Ke Ha OOWLHOCTh psxAJa 3aKOHOMePHO- 
eTCH MPM KOPPO3HOHHOM pacTpecKuBa- 
{inn uM CTaTHyecKOH ycramocTH pesHH, 
iMeTaIJIOB HM [pyrux Tes (*,2°). Sro Bbl- 
W0a2*KaeTCA B CXOACTBeE BPeMeHHOH 3aBlcH- 
MOCTH MpO4HOCTH (IpHe<exp) (3,17,75 2”), 
ISMHETHKM paspyuieHua (18,1°), a TaKxe 
|<OHWEHTPaWMOHHOH 3aBHCHMOCTH Oro- 
3euHOcTH MeTasioB (1”) u pesnH (7,"*). 
| Bauauue KOHCTAHTHI 8 12 6 
Muccouwvanuu Kucaor. Bou Yucso C-amomob 
jonpoOoBanbl Be Napbl KuCOT Cc OMMHAa- 
/KOBbIMH MOJIEKYJIAPHBIMH Becamu (YTOOHI Puc. 3. SapvcumocTb BpeMeHH JO pa3pbiBa 
i pesuHpl 43 CK-1-30 B pacrBopax KHCOT OT 
HACKJNOYHTb BJIMAHME muppysuv), HOC  yuona yrepOAHbIX aATOMOB B MoveKysle 
/Pa3HbIMH KOHCTaHTaMH MCcomMalMu: KUCJIOTBI 
ju-Xxmopykcycuaad (K = 14- 10-*) ui 
jazoBanepnanoBaa (K = 0,15-10-*), nu- 
jpopuHorpagquan (K = 32-10-*) mu MacnaHan (K = 0,15-107*). Tonyuens 
jculenyioulue 3HAaYeHHA BpeMeHH AO PasppIBa pe3suH u3 CK-1-30: B pacrBopax 
jp C.H;OH 7 Mmon/Moab WIA a-XOpyKcycHon KucuoTH 12 MuH., AIA u30Baue- 
PHaHOBOH KuCcIOTHI 64 MHH.; B pacTBO- 
Ta6Ouuua 1 pax B H-C,H,OH 28 mmou/Monb nA 
NHPOBHHOrpagwHOH KMCJIOTHI 65 MUH., 
WIA MacaaHow kKuczoThr 115 mun. 
YMeCHbINeHHe BPeCMeHH JO pa3pbiBa OO- 
pa3sloB Mp YBeJIMYeHHH KOHCTAHTHI 


MUA. 


SS 


Ss 


; 


S 


Goema Oo pagouita 


=) 
ww 


Bpema 70 pa3pbiBa peeHH B pacTBopax 
H Mapax KHCJIOT 


Bpema 0 paspbipa 


s Cme) JMCCOWUMAaMM KUCJIOT HECOMHCHHO yKa- 

ArpeccuBi. 38 3bIBaeT Ha TO, YTO CKOPOCTb KOppo- 

areHT TS B pactso- |B T480- 3YHOHHOTO paCTpeCKHBaHHA YBeJIMYN- 
zo pax oe BaeTCH C POCTOM CHJIbI KHCJOT. 

xe Pomb akcop 61¢n wu. Dis BEE 

ACHCHUA POM alcopOuuu npomecc Kop- 

Pesuna “3 CK-1-30 PpO3HOHHOrO pacTpecKHBaHHA HaOuJII0- 

HCl 1S) |) SSAcian ay aJICA B BOXHBIX PacTBOPpax HeOpraHHye- 

HNOs 4,9 | 1cyr. | — ckux Kucaor (HCI, HNOs), B BORHBIX u 

le AOr ine fe - CMMPTOBbIX PaCTBOpaX  %KHPHbIX KUCJOT 

Os 119 — |4—2 Yromomoruyueckoro paja, a TakxKe B Ma- 

HCl 19 228 — pax kKucuor. Pe3ybTarbl MCMbITaHHH pe- 

ACI+- ‘ 3HuHbI 13 CK-1-30 B pacrBopax KHCJIOT B 

a fee ie . i a 2 3TUJIOBOM cnupte (2,4 Mmow/Momb) mpH 

50° npuBegeupi Ha puc. 3. V3 pucyHKa 

Pesuua u3 CKT BUAHO peskoe YyBeJMYeHHe CKOpOcTH 

HCl | 2,4 |>2cyr.| 20 mpomecca (T. €. YMeHbINeHHe 7) NpH me- 


pexoyle OT yKCyCHOM KHCJIOTHI K NponHo- 
HOBOH M MaCJIAHOM KUCJIOTAM; MPH Nepexose K CwJeLYIOWIMM “YIeHaM psita 7 
OCTaeTCH MpaKTHYeCKH MOCTOAHHbIM. YuHTHIBAA, YTO KOHCTaHTa AnccolMallun 
MIpHMepHO OfMHakoBa y BCex ucHbIranHbIx Kucmor (K = 0,15-107*), a cKo- 
pocTb Judpy3Hu yMeHbllaeTcA mpuH mepexoge K BBICIIMM YIeHaM psxfla, oue- 
BHO, UTO YBeM4eHHe CKOPOCTH Mpollecca pacTpeCKUBaHMA MOXKHO OOBACHUTh 
TOJIbKO YBEMYCHHeEM ACOPpOMMH KHCJIOT Ha pesHHe M MOHH2KEHHEM 3a CUeT 9TOFO 
ee mpounoctu (',7°). 
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OTHOCHTC€AbHAA POAb CHAD KHYCAOT H HX ancopsG 
“HOHHOH (CMaunHBalWMmeH) CNOCOOHOCTH. Jia BbIACHeHHA 
9TOrO BOMpOca ObWIM MOCTaBJeHBI, C OHO CTOPOHbI, OMbITLI B KHCMOTAX, CUJIBHO 
OTAHUAIONIUXCH XMMMUCCKOM AaKTMBHOCTbIO (yKCyCHad WM MaCJldHad CpaBHH- 
T@JIbHO C COMAHOM HM a30THOH), C pyro CTOPOHbl, CPaBHHTe/bHbIe OMbITHI B la- 
paX KMCJOT H B UX BOLHBIX pacTBopax (TaOuI. 1). M3 qanupix Tab. 1 BuAHO, uTO 
ckopocTb pactpeckuBannsa CK-1-30 B napax HCl 6ombuie, vem B Nnapax yKCyCHOH 
H MaCJIAHOLi KMCJIOT; B BOLHOM pacTBOpe MaCJIAHOM KUCJIOTHI TOM 2Ke KOHICHTpPa- 
LMM TIpollecc ufeT C TAKOLi %Ke CKOPOCThIO, KaK HM B Napax,; B pacTBOpe CHsCOOH) 
3aMeTHO MeWieHHee, eM B ee Mapax, a B pacrBope HCl HaOmoyaeTca pesKkoe 
3ameleHue M0 CpaBHenuio.c mapamu HCl. [lonyueHubie pesyJIbTaTbl MO?KHO o6b- 
ACHUTb TCM, UTO BOMa, TUApaTHpyA KUCJOTI, 3aTpyHAeCT UX acopOunio Ha 
NOBepXHOCTH pe3HHbI. OcoOeHHo cHJIbHa rufpaTalluA HCl, nostomy, HecmoTps 
Ha 3HAUMTCJIbHO OOJIbULYIO AKTHBHOCTb 9TOM KHCJIOTbI, OHA JelicTByeT C MeHbUIeH 
cKopocrbio, ¥eM yKCycHasd KucoTa. Baegenue cmayuBatena — 1% a3po30nA OT 
(quoKTuicyibocyKuuHaT Na) ycusmmBaer felcTBue HCl. B ra3oson case, 
re aKTop ruaparauun orcytceTByer, HCl oKaspipaetca Oowee arpecCHBHOH, 
YeM B BOJHOM pacTBope, M Goulee arpeccHBHOM, YeM yKCyCHaA KUCJOTA, a KHC- 
JOTI PaBHOH CHJIbI — YKCYCHaA WH MaCJIAHaA — MOKAa3bIBalOT H PaBHYIO AKTHBr 
HOCTb B 9THX YCJIOBHAX. . | 

Boubpwiaa cKopocth B3aumogelicrsua CK-1-30 c HNO;, yem c HCl, Mower 
ObITb OODACHEHA TEM, YTO BCJIEACTBHE OKHCJIMTEIbHOPO WeNCTBUA pe3sHHa PuApo- 
(busim3yerca M 3HAaUHTeIbHO ieruye CMauMBaeTcA. TakuM OOpa30M, 0. yObIBalo- 
uel CKOPOCTH KOPpO3HOHHOTO pacTpeCKMBaHHA KHCJIOTHI B BOMHbIX PacTBOpax. 
MOXKHO PaCiMOJOKUTb B CMeMyIOWNH pA: MaCIAHad ~>yKcyCcHad >> a3so0THaA > 
>couAHad; B BO3ZYXe Mapbl KUCOT WaloT ApyroH pA: couaHad > ykcycHas, 
MacJIAHas. 

TakuM oOpa30M, CKOpOCcTbh lpollecca KOPppO3HOHHOTO pacCTpeCKHBaHHA pe- 
3MH oOnpelesseTcA, MOMHMO BeJIMUHHbI HallpsxKeHHA WM KOHILEHTpallHn arpec- 
CMBHOM Cpefbl, AKTHBHOCTbIO arpeccopa MH ero afCOpOHMHOHHOH CnOcOOHOCTHIO. 


| 


Hay 4Ho-ncceqopaTeibCKHH MHCTHTYT Tloctynuao 
Pe3HHOBOH MPpOMBIILIeHHOCTH 4 IX 1958 
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Hoksagn Akanemun nayrx CCCP 
1959. Tom 124, N 3 


PHSHIECKAH XHMHA 


A. B. KMCEJIEB, H. B. KOBAJIEBA, A. 8. KOPOJIEB u K. Jj. LIEPBAKOBA * 


(MUMU4ECKOE MOJM®YHLMPOBAHME MOBEPXHOCTH AJICOPBEHTOB HU. 
E. EYO BJIMSHHE HA AJCOPBUMOHHbIE CBOMCTBA 


t 

| Vismenenve u yayumenue afcopOumonHblx cBolicTB afcop6eHToB Ao HeLaB- 
ero BpeMeHH MpOu3sBOANMOCb B OCHOBHOM MYTeM YBeIMYeHUA MOpUCTOCTH, T. e. 
yTem reomerpuyeckoro MOfMdulMpoBaHHA MX CTPyKTypbIl. OToT myTb gazep- 
VIMJICA CO3aHHeM BbICOKOaKTHBHDIX yrvieH, KCeporesleH HM NOPMCTHIX KpHcTasVI0B 
iiMOeKYJAPHBIX cuT). B moceqHee BpeMA CTAHOBUTCH SICHBIM, YTO BeCbMa pes- 
Me VW3MCHeCHHA CBOHCTB aJCOpOeCHTOB MO2KHO IIpoM3BeCcTH MyTeM xuMNUYeCKOrO 
1OAMPUUNPOBAaHHsA UX NoBepxHocTel (+,”). IIpupoxa nopepxuoctu oKa3sbiBaeT 
"YULECTBEHHOE BJIMAHHE HE TOKO Ha MOBeeHNe ascopOeHTOB uM KaTasu3aTOpoR, 
10 OmpejesaeT YacTO M OCHOBHbIe (PH3HKO-MeXaHHYeCKHe CBOMCTBa MHOrMX Ma- 
(VepualoB, TaKHX, KaK HamOJIHeHHbIe Pe3HHbl HW MWaCTHKU, JIaKOKpacouHble Ma- 
(epHaJibl, KOHCHCTCHTHbIC CMa3KH H MHOrHe Apyrue. Pa6ornl B OOacTH XMMUH: 
#IOBepXHOCTeH OFPaHHUHBAaIMCh PlaBHbIM OOPa30M HCCJIeCAOBaHNeM CYILeCTBYIO- 
j uax IIPHPOJHbIX WIM MCKYCCTBCHHBIX aCOpOeHTOB HM MpOBeeHHeM Ha UX NO- 
pepxHocTH TpocTreHiwux peakWuH, HanpumMep, Aeruyzpatauuu (*). Heodxogzumo: 
DeryIMpoBaTb CBOHCTBa afcopOeHTOB MyTeM NPOBeACHHA CaMbIX PasHOOOpas- 
(ibIX XHMMYECKHX PeaKUMH Ha NOBEPXHOCTH HM CO38aBaTb TAKUM OOpa30m JuC- 
jIepcHble HW Apyrve MaTepHaJIbI C 3afaHHbIMH CBOMCTBaMH. 

| B WaHHOM cooéileHuu paccMaTpHBaeTCA XHMUYECKOe MOANPUUMPOBAHHe HU U3- 
NME€HEHHE aCOpOIMOHHbIX CBOMCTB Kpe€MHe3eMOB UH rpaduToBbIx Te. B nocsen- 
j4ue rofbl Ha KpeMHE3eMaX MPOBOAMINCh peaKUMH aJIKOKCHIMpoBaHHA u,!'B 
}1aCTHOCTH, MCTOKCHJIMpoBaHns (3-41), xmopuposanus (*), dropupoBanna (2,1): 
#4 peakuvunH Cc adkusxnopcumanamu ('4-*"). Vimerorca Takxke yKasaHusa Ha 
JA3MCHEHHE MOBEPXHOCTHBIX CBOHCTB YIvIepOAMCTOH caxku MPH XHMHYECKOH 06- 
pa6orke ('%), B uacTHOCcTH MpH OOpaboTKe ce OKUCNTeEIAMU B BOXHOH cpere 
29-22), B wacrosei pa6oTte NpHMeHAJIMCb BbICOKOAUCHepCHbIi KpemMHesem — 
jaspocwulI HM KaHaJibHad yxTHHCKasd cama. Moyudulupopanue mpousBoqusoce 
[> Wembo ruzpodoOusaluu KpemMHesema u PHApoduIusalun caku. 

| MoxudulupoBaHyne kKpemMuHesema. Kpemuesembl c rmfpa- 
THPOBaHHOM MOBePXHOCThIO XOPOWO alcopOupyloT NOWApHble BelllecTBa. Peak- 
uueli C KPeMHMMOpraHHuecKHMN COeCHHEHHAMM YyaeTCA MPOH3BeCTH KOPeH- 
|HOe H3MCHCHHE MpPHPOLbI UX NOBEPXHOCTM B CTOPOHy ycTowuMBol ruszpoobu- 
i3alluu, 4TO MpescTaBAeT MpakTHYeCKHH HHTepec AA MpHMCHeHHA KpeMHe3sema' 
ig KaueCTBe HaMNOJIHATeA MOJIMMEPHbIX MaTepHaJIOB HM 3aryCTHTeJIA CMa30K. 


(ITpedcmaseaeno axademuxom M. M. J[y6ununom 6 IX 1958) 


iq] 


CTHJIXJIODCHUJIAHOM TIO CX€MEe: 


| 
| | 
—O— Si—OH+ Cl — Si— CH; —- —O ieee diate aes (ly: 
| | 
O CHs O CHs 
| 


*TIpa yuacruu VW, 10. Ba6xuna u [. M. Jioannoh. 
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ocrpio oKoN0 150 m2/r o6paOaTbIBasiCA HaCbINLeHHbIM Mapo! 


! 


Aspocuul C MOBepxXH I 
Bee Ei Ge JIM ero pacTBOpOM B OeH3HHe Tp 20° B Teyenne 8 cyTo 


Tlepey, aqcopOlMOHHbIMu ONbITaMH Kak HCXOMHbIN, TaK U pecan 
oOpasilbl OTKAYMBaHCbh B aJ\COpOMMOHHBIX yCTaHOBKaX IIPH : 


mMONfe 
Sr 


‘Puc. 1. Ugorepma agcop6uuu mapos Bogs! Puc. 2. M3o0tepmbl alcopOlHH MapoB BOs Hi 
Ha a9pocumax. J — oOpasell c rugpaTupo- caxe. / — MCXO,HBII oopaseu, oTKavaHHbili Mp! 
BaHHOH MoBepxHocThw; 2 — oOpasell c Mmo- 25°; 2—To xe mpH 2005373) > OKMCIICHHBIH 06 
BEPXHOCTbIO, MOAMUILMPOBaHHO peakuHeli pasell, OTKAYaHHbIt mpH 25°; 4— To xe mp! 
< TpuMeTuIxsopcHmaHoM. Pa3Hpima 3Hay- 200°; 5 — oxuceHHbI oOpasen, OTKauaHHbli 
KaMM OOO3HAYEHBI pa3Hble CepHH OMbITOB; MpH 25° nocae BTOpol cepHu u3sMepeHHit; 6 — 


Lr 4 


yepHBe TOUKH — ecopouna TO Ke Nocme MOBTOPHOH oTKauKH mpH 200°; 7— 
o6paseu, oOpa6oTraHHEi npu 1700° B ToKe Bo 
qopowa 

Han6oee peskoe pa3inune B H30TepMaX afcopOuMN HaOsOqaeTcA AIA Ma 
pos Bosbl. Kak BuyAHO u3 puc. 1, n380TepMa afcopOWuH MapoB BOLI Ha HCXOMHO) 
oOpasile C THApaTHPOBAHHOM NOBEPXHOCTbIO UMeeT COPMy, OObIMHYIO AIA MIC 
JMMOJCKYMAPHOH aCOpOWMH CHJIbHO alCOpOHPyIOWIHxcA MapoB Cc KanNHJJApP 
HOM KOHJeHCalnel B 3a30pax MexKAy YacTullaMu adpocuaa. Ancop6unA xe na 
POB BOJbI Ha MOMdpuIMpOBaHHOM OOpa3slle B WecATKH pa3 MeHbie. M30Tepm 
alcopOlHn MapoB BOLL Ha MOLNCULNpOBaHHOM OOpasile OOpatuma, u axe Wy 
T@JIbHOe (H€CKOJIbKO MeCseB) COMPHKOCHOBeHHE C BOMOM ee HE H3MeHAeT, UT 
‘CBUNETEIbCTBYeET O MPOUHOCTH OOPas0BaBlllerocaA MOBEPXHOCTHOFO coewMHeHUS 
Usorepma Bornyta, 4TO XapaKTepHO JIA CTy4aA Ca6oro B3aHMOseHCTBUA a] 
‘copOata c ancop6entom (*%). JTaxe npn p/ps—>1 Ha noBepxHocTH moyupHly 
PpoBaHHorO OOpasila He OOpasyeTcCA MIOTHOrO MOHOCOM 3 aqcopOupoBaHHbl 
MOJICKYJI BObI, UTO NOMHOCTLIO YCTPaHAeT KaNMJWIAPHYIO KOHJeHCallMio mapc 
BOAbl B 3a30paxX M@XKy yacTulamMu. Boa copepmieHHO He CMauMBaeT MOLI 
WApOBaHHbI oOpasell. 

Monugmuuupopanne yraepoauctok caxu. Agcop 
MMOHHbIC CBOMCTBA CaxKM MO OTHOIMCHHIO KO MHOFHM ajcop6aTaM, B Oco6eHHOCT 
TOJAPHBIM, 3aBHCAT OT COMepKaHuA B HEH KucMOpoxa. Hamu mpoBeyeno mos 
‘(PUlMpOBaHHe KaHaMbHOl CaxKU C WeMbIO Kak JasbHelimMe;ro rpapuTHpoBaHn: 
Tak HW €€ JONOMHUTeEIbHOrO OKHCeHHA. [IpoKkanuBanue Bpmue 1500°, pa3pyllé 


IKHCJIbIC MOBEPXHOCTHBIe COCTHMHEHHA HW BbI3bIBAH pocT KPHCTaJJIMTOB rpan’ 
6183 


NMMMHYCCKO® HK KPHCTaJIJIOXHMHYeECKOe MOMCPHLLMpOBaHHe), peskO CHHMKAaeT 
WQcopOumio napoB BOfbl, MeTaHOla, aMMuaka, MeTHamuna, JBYOKUCH Cepbl 
, APyTMX MOAPHIX BeulecTB (**). TepMuyeckaad oOpaOoTKa, ocObeHHO BBILLe 
300°, ead moBepxHocTb caxku 6omee OHOpO_HOM, B OOMacTH MaJIbIx p/ps 
PHBOXMT HM K YMCHbUIeCHHIO afcopOluH HemomApHbIx BeulectB (23,24). Taxaa 
dpaooTKka caxku yBesIMuMBaeT ee ruspopobuoct. 

TlopbliteHue cpoycTBa cax%KH K NOJIAPHbIM CpekaM Hu, B YacTHOCTH, K Bose 
peacrapaaer mpakruueckni MHTepec AA MOMurpatwuecKkux KpacoKx (”), 
||pH ycnJieHHH Kay4ykKa B JlaTeKce (°°), B MpOH3BOACTBe 9MYJIbCHOHHIX YePHBIX 
||pacok MW TYLIM M B Apyrux oOactax. B HacTosuei pa6ore oKucwleHHe caxKn 
| PousBoxutoce PpacTBOpoM runoxsoputa HatTpua. IIpu stom mponcxog_uao BbI- 
JieHHe rasa MW pasorpesB cycneH3uH Jo 75°. Ilo okoHYaHMN peaKIMN UH OXaxKTe- 
MA CyCNCH3HA CaxKU HeHTPaM30Balacb pacTBOPOM COMAHOH KucHOTH. TIpu 
‘irom pH Boquom cycnen3uu caxKu, M3MePeHHbIH CTCKJIAHHBIM JJICKTPONOM, CHH- 
uIcH NO 3,75. SaTeM CYCHeH3HA OTPUJIbTPOBbIBaaCb H OCaOK MPOMbIBaIcs 
MCTHJIJIMpOBaHHOH BOOM WO Tex MOp, MOKa caxKa BCeACTBHe yaleHuA 3/1eK- 
DOJIMTOB He HauMHalla MPOXOQMTb CKBO3b (PuJIbTp. Cara BbICYIIMBaach py 
OMHAaTHOH TemnepaType u 3aTem mupu 100°. 

OxuciuTesbHad OO6paOoTKa MpuBesla K pe3KOMy H3MeHeHHIO Mpupossr mo- 
2PXHOCTH HM KOJOMAHO-XUMHUYeCKHX CBOlicTB caxKU. IloBbicusoch cosep»Kanue 
MMMY4eCKH CBA3aHHOrO KucNOpona (oT 4,1 go 17,3%) uw meTyunx BemecTs. 
lOquculu pOBaHHad CaxKa 3HaUHTeIbHO MpeBOCXOAMT HCXOAHY1O NO Cosep2KaHuto 
apOOKCHJIbHbIX MW THAPOKCHJIbHbIX (PeHOJbHBIX) rpynm. Takoe moguduun- 
OBaHHe CYyIULeCTBEHHO H3MeHAeT aCOPOWUMOHHbIe cBOCTBa Cau. Yayuuaercs 
393b M@XKTy ee “acTHIaMHM HM MOJeKy1aMM MOMApHOM cpesbl B TexHHYeCKH 
YKHBIX KOJWIOMHbIX CHCTeMaX, H Cax%Ka WpuoOperaeT HeOObIUHyIO AIA Hee 
MOCOOHOCTh K JMCNeprMpoBaHHIO B BOJe, OOpa3syA BECbMa TOHKHE CyCMeH3HH, 
IOULNe APKO BEIPAKeHHHI sddexT Tunas. 

Moygucuuupopanue caxku pe3KO H3MeHAeT afcopOmuio mapos Bob. Ha puc. 2 
PHBeeHbI H3OTEPMbI aCOpOWUMH MapoOB BOAbI Ha HCXOJHOM, OKHCJICHHOM HM rpa- 
‘ATHpOBaHHOM OOpa3ilaxX KaHaJIbHOM YXTHHCKOH caxku. Ilepeq onbirom 0o6- 
(a3ibl OTKayUBasIMCb npn 25 u 200°. Mso0repma Ha ucxoqHoM oOpa3ie uMeeT 
OBIGHBIM BUC BOrHYTbIM HayasIOM H ABYMA TOUKaMH MeperuOa. BerBu afcop6- 
daa uv jecopOuuu copnamaror. M30repma xe acopOluuH Ha OKHCJIeCHHOM 06- 
jase, B OTM4He OT HCXOAHOM caxku, yxKe B OOMACTH MaJIbIX OTHOCHTCJIbHBIX 
jaBleHuli napa p/p; BbINyKJa UM OUeHb KpyTO MOAHHMaeTCA BBepx. JTamee ona 
POXOMUT mepBylo TOUKY MepernOa mpu p/p, ~0,35 uM 3aTeEM CHOBa pe3KO NOJ- 
umMaetca BBepx. V30repma jecopOuun mpu Bcex p/p; UeT BbILIe H3OTepMbI 
qcopOunu *. Tlocae necopOuHoHHbIX u3MepeHuii M OTKaYKH MIpu 25° B Teue- 
we 10 uac. Boa He MONHOCTbIO yAalAsacb Cc OOpa3iia, uacTb ee (1,6 mMou/r) 
\2TaBaJlaCb CBA3AHHOH C MOBepXHOcTbIO caxkKH. Bropas cepHxA u3MepeHHH Mpo- 
dunacb nocne orKauKH mpu 200°. Kak agcopOunoHHas, Tak Hu JecopOunon- 
aa BeTBM COBMaJIM C COOTBETCTBYIOINMMH BeTBAMM MepBOH CepHu H3MepeHHh. 
focne orkauku mpu 25° B Treyenue 2 AHel yacTD Bop! (1,05 MMom/r) TaKxe ocTa- 
ach CBAgaHHOli c MOBEPXHOCTbIO CaxKH. Ta BOMa yxKe He yMaAacbh NPM Mawb- 
eimiei orKauKke Ha xouloyy. Tlonyuennas nocae storo (6e3 mporpesa mpu 200°) 
|peTba ajcopOUMOHHad BeTBb COBNMaJla C JecOpOUMOHHOM BIIOTb oO plps~ 
{0,45 (oSpatumas (bu3sucopouna BOMbI), 3ATEM OHA MOMIa HHKE NECOPOMMOHHON 
leTBu u, HaumHad Cc p/ps~0,7, copnama Cc acOpOUMOHHOM BeTBbIO MepBOH Ce- 
[mM v3MepeHnit. JjecopOuHoHHad BeTBb TpeTpent cepuM u3MepeHuit copnasa 
_[lecopOllMOHHOM BeTBbIO MepBOH MH BTOPOH cepHH usmepennli. [locate OTKauUKH 
| reuenne 12 uac. Ha xONOLy CHOBa YaCTb BOJbI OCTaaCb CBASAHHOH C MOBEPX- 
ocTbio caxku. Boa Oblula MOMHOCTHIO yAaleHa TOJbKO IIPH OTKAYKe IPH 100 


| reuenue 18 ac. 


* Kax mp agcop6umu, Tak u MpA Zecop6uuu Ha yyacTKe M30TepMbI LO p/Py~ 0,6 pas- 

jOBecue ycTaHaBAMBaJoch B TeyeHHe 3 — 4 uac., a HayHHad C p/p, = 0,6 — anulb uepes 10 — 

@ aac. 
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Takand KapTHHa CJlO%KHOFO THUCTepesHCca ABACTCA THMHYHON LWIA HaJlOnKeH 
yByx saBsleHul — xemocopOluu (rucTepesHc MPH HHSKUX pps, Mpounoe yfe 
*KUBaHHe BOJbl 6e3 HarpeBaHHA) WU KaMWJJIAPHOH KOHCHCAaMA (ructepes! 
pH BbICOKUX p/ps, TPeTbA CepHA WSMepeHHH nocsle raApaTalnn 6e3 nocueny 
ero yaseHHa xXeMocopOupOBaHHOH Bob). J,eHcrBHe OKHCJIMTeA, M0-B 
JMMOMY, IIPHBesIO, BO-MepBbIX, K CHJIbHOMy OKHCJICHHIO BHELIHCH MOBEPXHOC 
OOpasyloulux YacTHUbl CaKH KPHCTAJJIMTOB, TylaBHbIM o6pa3som, BEPOATHO, 1} 
MeCTaM MIpHCOeMHHeHHA Hepa3sJIOXKeHHbIX MPH o6pa30BaHuH KaHaJIbHOK CaxKu yr 
BOJOPOAHLIX PakuKaOB, H, BO-BTOPLIX, K MPpOHMKHOBEHHIO KHCOPONa uactt 
B MpOcTpaHCTBa M@xK/ly KPHCTaJJIMTAaMU MU, ObITb MOXKET, MU B eee 
mpoctpaxcTBa. B nosmb3y mocwesHero TOBOPHT HEKOTOPOe CXOACTBO NOJYYCHH! 
H30TEPMbI C H3OTEPMOH acopOWNA Napow BO/bI Ha OKUCH rpaduta. Heo6parn 
aj\copOupyloulasicA Boa, BePpOATHO, XeMOCOpOHpyeTcA, TuApaTupys TIOBep) 
HOCTHBI€ OKUCJIbI, a TAaKHKe MPOHUKAA B OKNCJICHHbIe MECTa M@XKAy KPHCTad 
TAaMH, a BOZMOXKHO, HW MEX ]Ly rpapUTOBLIMH MocKOcTAMH. Bocnpov3BOLMMbII 
racTepe3uc B OG/aCTH BbICOKHX p/p, CBA3aH, BEPOATHO, C KalMJJIAPHOM KOHTe 
caumeli napoB BO{bI B 3a30paxX M@XKLy YaCTHILAMH Cax%KU, a BOZ3MOXKHO, H B OOP 
30BaBIIMXCA pH OKHCeHHM 3a30pax MexKy KpucTasuTamu. TlocnezHn 
OMHakO, He MOryT HTpaTb OcOOeHHOM pom, TaK KaK ajlcopOluxA MapoB a30 
Hocle MOAMHIMpOBAaHUA He yBeMuNsacb. YTOUHeHHe STOH KapTHHbI Tpeby 
JasIbHeHWux MccueqOBaHHH. 

CpapHenue Ha puc. 2 H30TEPM WIA PasHbIX OOPasiloB CaxKM NOKASbIBaeT, 4 
TePMHYECKOM OOpabOTKON u RKUAKNPAsHOH OKUCHTeEMbHOH OOpaOoTKOH MOK: 
CTOJIb CHJIbHO MOJMUILMpOBATb CaKy, YTO alcopOlluA MapOB BOPbI Ha HEH P 
MeHACTCA B JCCATKH HM COTHH pas. 

[IpuBemeHuble MpHMepbl MOKasbIBalOT BaXKHOCTb HW MpPpaKTHYeCKYIO IWeHHOC 
MORMMULMpOBaHHA afcOpOeHTOB IyTeM MpOBeyeHHA NMOBePXHOCTHBIX XHMHt 
CKHX peakUnui. KoBameHTHOe MPHBASbIBAHHe Pa3sJIMYHbIX PaNKaJIOB K MOBep 
HOCTH aJCOp6eCHTOB OTKPbIBaeT BO3MOXKHOCTH H3POTOBJICHHA MAaTePHaJIOB C Pz 
JIMUHBIMH MOBEPXHOCTHBIMH CBOHCTBaMH HM JaJIbHeliWero MpoBeweHHA Ha 93T 
payquKanax pa3HooOpa3HbIxX OpraHOXHMHUeCKHX HH 3JIEMeHTOOPpraHH4yecK 
peakuuH. B pesybTaTe STOrO OKaxKeTCA BO3MOXHLIM TpuaTb NMOBepxXHOc 
CTOHKHX afcopOeHTOB GOaronpHATHOH TeOMeTpHYeCKOH CTPYKTYPbI CBOHCT 
H€ TOJIbKO XOPOWMX HaNOJHHTeeH H H3SOHPaTebHBIX ANCOPGeCHTOB, HO UH CBC 
CTBa TeJI, CNOCOOHBIX BeCTH TOHKHe MpOlecchl pasqeweHua HW KaTaJH3a. 
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Hoxaaye Akagemuun nayr CCCP 
1959. Tom 124, N 3 


PH3SHYECKAA XHMH fA 


Cc. HW. KPHUMAP 


O MOJIAPHSAWMOHHOM MEXAHM3ME MOJABJIEHHA 
CTPYKTYPHOFO TPABJIEHHA MPH 3JIEKTPOXMMUYECKON 
NOJIMPOBKE 


(I]pedcmasaexo axademuxom A. H. Ppymxunom 2 1X 1958) 


B wacrosiee BpeMaA aJIeKTpOXHMHYeCKad nomuposKa paccMaTpuBaeTCA Kak 
emeTBue BbIPABHHBaHHA MHKPONPOduJIA MOBEPpXHOCTH MeTAaIOB NOX BOs Tel- 
WMEM Pa3JIMUHbIX (paKkTopoB. KommuecTBeHHbIMM UCCIeqOBaHHAMU ObWIO, ita- 
AMep, MOKa3aHO, YTO MPOLecchl CrviaxKUBaHHA MPM 9ICKTPOXHMMUeCKOH M0- 
POBKe MOFyT OCYIULECTBIATLCA KaK 3a CUCT KOHILCHTPalMOHHOH noApusallun 
), TAK WM NOM BIMAHHEM JIOKAIbHOM KPHBM3HbI MUKponpoduasa (*). OnnaKo, 
2MOTPA Ha TO, 4TO WIA HeEKOTOPHIX CyYaeB yamocb NOMy4NTb YOBJeTBO- 
BiPuoe S9KCIMeCPHMCHTaJIbHOe MOATBepKAeHHe MOMYYeHHDIX 3aBHCUMOCTeL 

*) (4TO, HECOMHEHHO, ABJIAeTCA HanOomee yOeUTebHbIM JOKA3aTeJIbCTBOM 
Toab3y pacCMaTpHBaeMbIX TEOPCTHYeECKUX MpelcTaBeHHl), IPH BHAMaTeJb- 
M PaCCMOTPeHHH OKa3bIBaeTCH, YTO B MpeANOCbIKaX, HCMOb3OBAHHbIX 
KOJIMUECTBEHHBIX HCCJICEQOBaHHAX, Mbl He HAXOJUM KaKUX-JIMOO Cepbe3HbIX OCO- 
JIHOCTeH, OTIMYAIOWINX IICKTPOMOHMPOBKYy OT OObINHOrO aHOAHOrO pacTBope- 
ja. Tak HallpuMep, W3BecTHO, 4TO B HaHOOlee XapaKTepHbIX CJTyYaAx (pac- 
ppeHue Meu Hee CMaBOB, UMHKa UM T. J.) MOMMpOBKa MpoTeKaeT B OOacTH 
OuaKU pesewbHoro ToKa. C Apyrok cTopoubl, xoTA KOuIMUeCTBeHHbIe pac- 
CBI MIpOBepAJIMCb UMCHHO B 9TOM OOsACTH MIOTHOCTeH TOKa, HO OHH, OFeCBU AHO, 
TaloTCca -CMpaBeIUBbIMA HM IA Oonee HU3KHX 3HayeHuH. CmeqoBaTesbHO, 
3}eCb BO3MOXKHO MpoTeKaHue mpomecca criaKuBaHua. OAHaKO Npu Hu3KHXx 
OTHOCTAX TOKa Ha MepBbIM MaH BbICTyYNaeT TpaBJeHHe MeTaJa, KOTOPOe 

MHOFHX CJlyuaAX CHJIbHO OCJOXKHACT KapTHHy. 

B kauecTBe mpuMepa Ha pue. | npuBexzenbi MHUKPOPOTOCHHMEH, WJIJIIOCTpH- 
roulue Mpouecc criaxkKuBaHUA CeJOB MeXaHHYeCKOH OOpaoorKu pH XHMH- 
cKOM pacTBOpeHHM Medu B 15% HNO. pyrow mpuMmep (cM. pwc. 2) — pac- 
opeHue Hep2KaBerolent ctramn OA-1T B mapcKkow BoyKe mpu 70°. Mcxoguas 
(COTA He€POBHOCTell, H3MepeHHad ABOMHbIM MuKpocKoNOM JIuHHuKa, 2—5 yp, 
HeuHadt 1—0,5 ». Kak BUHO M3 STHX.NpHMepoB, yaJieHHe CeqOB MexaHH- 
CKOH odpadorKn MmpoTekaeT He TOJbKO MPH 9ICKTPOXHMHYECKOM, HO JaxKe 
iM -OObIMHOM XUMHUeCKOM pacTBopeHunH. Ho B 9THX CJIy4aAX, B OTHUME OT 
@KTPOMOJIMPOBKH, HM Ha CMeHY BBICTYMaeT CTpykTypa TpaBMeHHA, HU KaYeCTBO 
IBEPXHOCTH, KaK IipaBuio, He yyullaeres. 

Ha ocHoBaHHH H3102%KeHHOFO MOXKHO CielaTb BbIBOJ, YTO HaMOomee Xapak- 
PHO OCOOeHHOCTbIO 2JICKTPOXHMMYECKON NOMMPOBKH ABIACTCA IO J a B- 
eHue CTPYKTYPHOFO THPaBAeHH A. B COBOKYNHOCTH CO Crvla- 
ABaHueM O6a OHH. Gomee MOMHO XapakTepH3yloT mpolecc. OmHako, ecJn 
JIOBUA CrIaxKUBaHUA peaJIH3YIOTCA MOUTH BO BCeX CJ y4aAX aHOAHOFO PacTBope- 
(A, TO MIPOMecc NOMaBseHHA TPaBIeHHA XapaKTepeH JIMMUb AIA SeKTPONOJIH- 
BKM. : 

O6pa30BaHuve BO MHOFHX CJy4astX 9JIEKTPOXUMHMYCCKOH MOJIM POBKH KOMITICKC- 
IX coeyuHeHuii (°) u BEICOKAaA BASKOCTh MPHMCHSCMbIX S/ICKTPOMHTOB YKa3bl- 
fOT HaTO, UTO 3a CUCT KOMMICKCOOOpas0BaHHA H YCTOMUMBOCTH MepeCbILILeHHbIXx 
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pacTBOPOB 3feCb CosfaioTCA yCIOBHA iA 3HAYHTebHO  MOBPILICHHY 
paCTBOPUMOCTH MeTAaJIa, BIVIOTb AO MOIHOrO HCUepNaHUA AKTHBHOCTH SVICKT 
muta. Ha mocmeqHee OOCTOATEIbCTBO YKA3bIBaeT H TO, UTO AIH MHOTUX CJlyya 
QICKTPONOJHPOBKHM XapakTepHa (POpMa BOJIbT-aMINe€PHbIX KPUBEIX, VMEHOILL, 
Molualky MpeletbHoro TOKa B Hayasle OOaCTH MOMMPOBKU (7,2); 

B (°) ormeyasiocb, 4TO NMOfaBeHHe TpaBJIeHHA MPH IEKTPOXHMHYECK 
NOJMpOBKe B YCJOBHAX KOHWCHTPallMOHHOH NOAPH3allMM CBA3aHO C COBMa 
HHeM OTJ@JIbHBIX BOJIbT-AMMCPHbIX XapaKTePHCTHK CTPYKTYPHBbIX 93JICMEHT! 
HOBepXHOCTH B OGNACTH MIOWayKM mpeseswbHoro ToKa. PacCMOTPHM B CBai 
c 9THM Mpollecc U3MeHEHHA MOTeHIMaa aHOa M ETO OTACJIbHBIX COCTABI AION 
B 3aBHCHMOCTH OT NOJApH3yroulero TOKa. Tak Kak TeOPHA KOHWCHTPHPOBaHH 
3IeKTPOMHTOB paspaGoTaHa HefocTaTOuHO, B KayecTBe rpyOoro mpHOwIMKeH 
orpaHHuMMcA paccMOTpeHneM CJly¥ad PacTBOpeHHA MeTaJa B pa30aBJleHH< 
pacTBOpe CHJIbHOM KHCJOTHI (HaNpHMep xesle3a B XJIOPHOH KMCJOTe M T.. M1 
Tak KaK B XxOJe peakIMH OOpa3yIOTCA MaJIO JMCCOIMMpPOBaHHble COM, TH 
Me,A,, KOHCTaHTy JuccoWMallMH Takoro COeHHeHHA MOXHO mpelCTaBn’ 
culeyIOUl4M OO6pasom: 


gr) | rie yl x y 
Ay+Fa- Ymrva- Co+Ca- 
= —d oy ( 
q 


OMA YMA Cua 


rye Qa-, Am+, @mMa— COOTBETCTBEHHO AKTHBHOCTH @aHHOHa, KaTHOHa HU con 
Tenens: Tua ee KOS(PPHUHEHTHI AKTHBHOCTH; Ca-, Cm+, Cma— KOHIeHTpalln 
x WM Y — cTexMoMeTpuyecKHe KoOSd)PHIUHeHTE!. 

Bo-nepppix, Tak Kak HA — cusibHadt KuCJIOTa, a COJIb MaJiO JMCCOIMMp 
BaHa, TO B (1) Ca MOXKHO 3aMe€HHTb Ha KOHIeHTpalluio KHCJIOTH Cy. 

Bo-BTopbIxX, OYeBHHO, YTO Cy PaBHO pa3HOCTH MexXjly WCXOJHOHW KonTe 
Tpallueli KHCJIOTh! Cy WM KOJIMYeECTBOM KUCJIOTHI, MOWweWHM Ha OOpas0BaH’ 
COMM Cy Ts. eC. : 


Cx = Cy— Cre = Co— Cy ( 


(3qecb Cy — KOHICHTpalual MeTaJJia B pacTBope). 

Hakouell, B-Tp€TbHX, KOHICHTpallHA COM B pacTBope Cya MoxeT Obi 
3aMeHeHa Ha OOMLYIO KOHIeHTpallulO MeTaJJia B pacTBope Cy. IlponsBey coo 
BeTCTBYIONLyIO 3aMeHy B (1) c yuerom (2) uw pellad NomyyeHHOe ypaBHeH 
OTHOCHTeJIbBHO Qyj+, NOJIYUHM: 


es : YMA KC,, Le 
QamM+ = ve ix, ae y ° ( 
: Rete ete > 


Tak Kak MpOyKTbI peakWMH ca60 UCCOMMMpOBaHBI, TO MAOTHOCTb TO: 


K aHO.y OyeT B OCHOBHOM onpeyeatTEca mucbpysueii MpOAYKTOB peak 
B TylyOb pacTBopa: 


; (ie 
im nih D—, ( 


Pe  — BasIeHTHOCTh MeTaJIH¥ecKkoro HoHa; D — addpekTuBHbIii Koacppulne 
nnpysnn MpOMYKTOB peakiun; 6 — adcdbekTuBHaA TOUIMHA Tuy 3HOHHO 
COA; ¢—TWIOTHOCTh ToKa. KouteHTpalust MetaJia B pacTBope y aHoa | 


xis 

MOXKET BOSPacTH BBIWe BeMUMHbI 7 lo TaK KaK MOCJIe@qHAA paBHa KOHILeHTE 

IWH MeTadia, MIpH KOTOpoH BCH KuCsIOTa 6yxeT u3spacxosoBaha Ha OOpa3oBaH 
% : 

coequHeHus. Tlostomy npu Cy = yo OyeM MMeTb MpesebHLI TOK 


Cs 
ign =nFD 7 = f ( 
Tlorenuwad anofa paper 
wetehuge a 
e= € + — Iname. ( 
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Puce. 1. CraaxuBanne HeposHocreli MHKPONPOHA, OCTABMCHHbIX MC€XAHHyecKOH OOpaborKoH, 
pH pacTBopeHHu MeqH B 15% a3oTHOH KHcOTe. a — nepeg pacrBopeHHem, 6 — yepe3 3 MHH., 
6 — yepe3 6 mun. 140 


Puc. 2. CraaxvBaHHe HepOBHOCTeH MHKPONMpousA MOBepXHOCTH MeTa\I- 

Jia, OCTABJICHHBIX M€XaHHYeCKOH OOpaOoTKOH, MpH pacTBopeHHH cTaJH 

9A-1T B wapcKoli BoaKe. a — mepey pacTBopenuem, 6 — nocne 5-muHyT- 
Horo pacTBopeHHsA. 280 


Puc. 4. MukpocbeMKH MpesBapHuTebHOrO J/EKTPOMOVIMPOBaHHOrO oOpasia 
MeflH, PaCTROPABWUerOcA MPH pa3JMYHBIX MOTHOCTAX TOKA B TeYCHHE 
Fain pO HsPOst i,= 0,04 Va/en®. 1 =i = 0; 2 Oi, 
3 —i = 0,5%; A f= Ofiip bh = i 


JIAH, tT. 124, Nv 3, Kpnumap 


Togctapnsia croja 3Hayvenve am+ u3 (3) c yyetom (4) w (5), nowyuuM 


=~ RT , .. YMA 
| €=yg+ ae [in iat ean Te le (7) 


We €—KOHCTaHTa, OObeAMHMIOMad cTaHapTHbIli MoTeniual aveKTposa 
| OCTAaJIbHbI€ TNOCTOAHHBIe. K corkaJieHHIO, SKCHepHMeHTaJIbHaa” mpoBepKa (7) 
ATpyHeHa 3-34 OTCYTCTBUA OCTOBePHBIX cBefeHHli O xoje 3aBUCHMOCTH 
7 C. Kauyecrsennpiit ananu3 (7) moKasbIBaeT, YTO XapakTep u3MeHeHHA T0- 
eHUMasa C MVJIOTHOCTbIO TOKa JOJDKeEH HMCTb BHA, MpelcTaBJieHHbIli Ha 
Uc. 3,7. ©. COBMayaiomlMi c HaGOJaeMbIM B paye cayyaeB Ha MpakTuKe. 

PaccMoTpuM MmoBeyeHve JByX yUaCTKOB aHoja 
| PasJIMUHbIMH HOPMAJIbHBIMM MOTeHIMaaMu ey, 

€o2. Tlayenve HaupsKeHHA Ha BaHHe MpOTHB 
OouxX yYacTKOB OLMHaKOBO, NOSTOMY, corslacHo 
7), OyeM MMeTb 


_ as ty NaMsaa Val 
r [Je tar (ag tI 3) H 
Zz 


1 
= x ee + aya (i ‘iss iy In ri )| ; 


le €, — MOTeHiWal_ KaToya, WH 


. . . 1 Sa Y 
oe — eR In = oy + ]1n (2 YMA: |. Puc. 3. Sapucumoctu e or i (1), u 
q = ae 5 = 
ig— ti] bo Y YMA, v ot t (2). Yuacrok a6 — o6nactb 
TpabJIeHHA, yuacTOK 66 — oOmacTb 
(86) NOMaBJICHHA TpaBeHHA 


Ay 


Tak KaK H3MeHeHHe Y C NOTCHIMaJIOM MpOWCXOAMT MejiIeHHee, YeM H3Me- 

ieHHe KOHIeHTpalluu, TO, C yYeTOM MaJioro 3Ha¥eHHA pasHocTH Aeé,, B MepBoM 

IpHOsM2KeHHH BTOpOH wWieH B (8a) MOXKHO ONYCTHTb, KaK MaJIblii 10 CpaBHeHHIO 

> mepBbIM. Bpeyem o6o3HauenHHe Ai = i, — iy; No_cTaBaad ero B (86), NomyuuM 
RT Ai Ai 

Ae, ae | =)- He . 9 

Co > sar sear ylin{(1 (9) 


tg— ty 


Pa3naraad B pA HW OTOpacbIBand WIeHBI BbICLUeH MaJIOCTH, HMeeM 


Fe ty th) 

OORT ig + iy — 1) oe 
_ Pa3HocTb cKopocteii pacTBOpeHuA (CKOpocTb TpaBJeHHA) OyeT, OYeBHIHO, 
paBHa 


Vee : ML&i 
o— onF (iy — to) = onF . (11) 
Tlonctapaaa cioga Ai u3 (10), nonyunM 
Np ue (12) 


PRT ign thi(y —1) 
HatiyeHHan (byHKUuA HMeeT MaKCHMYM Ip 3Ha4deHHH 

im = ip /(1+ V9). (13) 
IIpH 3TOM CKOpocTb TpaBJIeHHA OyeT paBHa 


Mx to 14 
eRT (+ Vy) i 


Ug == Ney 
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C mpyroli cropoubl, Kak MOKasblBaeT aHaJu3 BbIpaxKeHH (9) u (12), cKq 
pocTh TpaBsIeHHA CTPeMHTCA K HyJIIO Ip i—0 u mpu iio. 3aBHCHMOCTb Ckq 
pOcTH TpaBJIeHHA OT BeM4MHbI MOTHOCTH TOKa AA |—1-BaneHTHOrO 3u1eKTpA 
quta mpefcrapsleda Ha puc. 3, 2 (cM. Take puc. 4). Kak BHAHO H3 MpHBere 
HbIX YPaBHeHH, IPH MMOTHOCTAX TOKa, 3HAYHTE/IbHO MCHbUIC IpeMeJIbHOrO (u 
u3M02KeHHOTO XOfla paccy2KeHui BUAHO UTO MOCMeAHMH OOyCMOBNeH uCuepTE 
HueM AHHOHOB KHCJIOTHI y MOBeEpXHOCTH S/IeKTpOfa), CKOPOCTb TpaBJIeHHA BH 
yale pacTeT C BO3PacTaHHeM TOKa. OTO ABJICHHe MMECT MECTO ITP OObIMHOM aHO] 
HOM TpaBJIecHHU, KOra yKe He3HayMTe/IbHOe HaKOMMeHHe COM B pacTBoP 
y MOBepXHOCTH aHOfa MpHBOAMT K BbINakeHuIo TBeEpAOH (ba3bl, WH WatbHekuie| 
MOBbILIeHHe TOKAa MPHBOAUT K BO3HHKHOBeHHIO PAJla HOBbIX MPOLMeCCOB, OC/ON 
HAMOULX XO MOMAPHsal\HOHHON KpuBol. Kak cnegyer us (13), cKopocTb Tpak 
JICHHA MOXKET BO3PACTaTh FO 3HAveHUA im = io/(1 + Vy). Jlapneiimee 114 
BbILICHHe MIOTHOCTH TOKa CHOBa IIPHBOAUT K CHHXKeHHIO CKOPOCTH TPaBJIeHUS 
M Mp JOCTHKEHHH MpeAeMbHOrO TOKA MPOMCXOAMT NOHOe MosaBJeHHe TpaH 


jeHua (cM. puc. 4). v1 
Takum o6pa30M, MOfaBeHHe TpaLJicHHA BO MHOTHX CJyyatX MOKeT AE 


JIATbCA CUIENCTBHEM 3HauMTebHOrO OOeAHEHHA AHHOHAMHM SJIeCKTPOHTa Tp 
AHOMHOFO CIOA 3a CUeT OOPas0BaHHA MepPeCbIIeHHbIX PaCTBOPOB MH KOMMJICKCOH| 
Uro KacaeTcA 3CKTPOMOMMPOBKH, TO OHA PeaJIH3yeTCA JIMLMIb IPH CyLleCTBOBd 
HUM (aKTOPOB, MOMaBJIAIOMIMX TPaBJIeHHe. 

VisnoxKeHHble MOApH3alMOHHbIe MpeCTaBJICHHA OMHCHIBAIOT JIMWIb ON} 
43 BO3MOXKHbIX M@XaHH3MOB MOaBJIeHHA TpaBMeHHA. He uckmlo4eHa BO3MOM 
HOCTb CFO OCYIIeCTBICHHA 3a CUeT Apyrux (bakTOpoOB, HaMpuMep, 3a CueT TOHKOT' 
AMOpHOrO CNOA TBEPAOl COMeBOH HIM OKHCHOM MICHKU. OTOT BOMpoc 4YaCcTHUH 


-paccmotpeH B (*°). 


| 


J[Henpoy3ep2xKHHuckuh Tlocrynuno 
a30THO-TYKOBbIi 3aBO] 17 V 1958 


UMTHMPOBAHHAA JIMTEPATYPA 


1¢. W..Kpuumap, JAH, 100, Ne 3, 481 (1955); C. WH. Kpuumap, jK®X,.3q 
‘Ne 7, 1593 (1957), ? R..Wagner, J. Electrochem. Soc., Ne 5, 225 (1954). °C. 
Kpuumap, JAH, 101, Ne 2, 297 (1955). 4C. HW. Kpuumap, B.T. Tanymx 
MOX, 31,’ Ne 8, 1762 (1957); J: Nicolas, N: Tegart, J.~ Electrochem. Soc 
102, Ne 4, 93 (1955)... °C. UW. Kpuumap, B. Ils hanymxo, )KOX, 30, Nae 
578 (1956). ®C. HW. Kpuumap, B. Il. Taaymkxko, Kypx. neopr. xum., 1, Ne 1 
2423 (1956); JI. A. Tlonuaos, JI. I. 3aHuesna, Onextpononuposanne nu anextTpd 
TpaBleHue MeTammorpaduyeckux wandos, 1955, erp. 141, 155; B. WH. Jlaiinep, Saextpd 
XHMHYeCKad NOMMpOBKa H TpaBeHHe MeTamos, 1947, crp. 141.7 K. Th Batame 
Tp. cope. mo asnektpoxumun, M3q. AH CCCP, 1953, crp. 414. ®&W.Tl. ®enotbed 
“C.cA. Tpuanuxec, DKIIX, 30, Ne 3, 233_(1957). 
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Hoksann Anaygemun nay CCCP 
1959. Tom 124, N 3 


PHSHYECKAA XHMHA 


T. B. POJE u A. E. ATPOHOMOB 


BJIAMHME PASJIMUHbIX ®AKTOPOB HA BEJIMUHHY YEJIbHOU 
NOBEPXHOCTH MW HA TIOPHCTOCTb XPOMOBbIX KATAJIM3ATOPOB 


(ITpedcmaeaexo axademuxom A. A, Baananduneim 24 1X 1958) 


\ B paOote ofHoro u3 Hac (+) GbWIO uCCeqOBaHO BMAHMe MeTOOB CuHTe3a 
OKHCHOXPOMOBBIX KaTaJIM3aTOPOB Ha UX KaTaJIMTHYeCKYIO AKTMBHOCTb B JBYX 
peakiinax. B JaHHoH paOoTe MbI uCCMeROBasIM BAMAHHe MeTOJOB CHHTe3a Ha Be- 
MIM4MHY YeIbHOM MOBePXHOCTH HM Ha HasIM4Me MH pasMepbl NOP ucceOBaHHbIX 
KOHTaKTOB. JIA STOM Wes Ha BbICOKOBaKYYMHOH yCTaHOBKe BeCOBbIM MeTOOM 
ObWIM NOyUYeHbI M3OTeEPMbI afcop6unu napoB GeH30a mpu O°. Benson, rtita- 
(TEJIbHO OCBOOOKACHHbI OT THOeHa, BATH H PaCTBOPeHHOTO B HEM BO3Lyxa, 


lumen T. Kun. 79,7 — 80° (npu 755 mm pr. cr.) nny 11,5035. Hapecxa TPCHH poBa- 
\laCb B Bakyyme (pu 250°) Jo noctosHHoro Beca. M3meHeHue Beca Mpu alcopounu 
|KOHTPOJIMPOBasOCb C TOUHOCTHIO 10 1- 10-° r. Benuunna yqembHOl noBepx- 
\HOCTH BBIUMCIAaCb MO JaHHbIM H30TepM aycopOunH MeToyom BOT (?) npn or- 
\HOCHTEJIbHBIX JaBeHuax p/ps = 0,1—0,3. OnementapHan muollalKa Mo- 
nmekyJbl OeH30a MpHHUMaslacb paBHOl 46,0 A? (*). Pacmpegqenenue nop 
m0 pafuycaM BBIUMCIAIOCb NO WecOpOluMOHHOH BeTBH M30TepM NO (hopmyuie 


| 


f 


jad) 


200 
| RT \n Fs os (4), rae p/ps —OTHOcuTembHOe faBseHHe, o — mOBepx- 
\HOCTHOe HaTaxKenuve Sen307a mpu 0°, vm — MOeKYJAPHHIH OObemM GeHsOua u 


¢ —payuye nop B aHrcTpemax. 
TaOmuuna 1 


ae Ocamyenue AKTHBHPOB. B BO,OpoTe 
Aes Kouyentpauua a9 a | 
: 33 OcagutTenb* |pacTrBopop B N| tT-pa B °C enonotrs Mn ace pnpncua 
7 =] 
4 NaOH 0,4 20 MeystexHo no kar- 450 2 
JIM 
4a NaOH 0,41 20 To xe 450 8 
46 NaOH 0,1 20 To xe 525 2 
ls NaOH Ord 20 To xe 450 6 
ff NaOH 2 20 Brictpo 450 6 
23 NH,OH 2 80 To x%xe 450 6 
~ AAS} NH,OH 2 20 To xe 450 6 
27 NH,OH Ont 20 MegvienHo no Kan- 450 6 
JIAM 
87**| NH,OH 0,4 20 To xe 450 6 
42 TepMnyecKHM pa3uiox%KeHHeM OHXpOMaTa aMMOHHA 


‘ i} 

* Ucxogubili pacTBop — a3OTHOKHCJIbI XPoM. 

** OcaxKieH B IpHCYTCTBHA MpOfyKToB peakiHi (NH4NOs). 

Merogbl CHHTe3a H3y4aeMbIX KaTAJIM3ATOPOB MPHBeeHb! B Ta6n. 1, a pesyJib- 
raTbl JlaHHoro uccleqoBaHus B Tau. 2. ; 

XapakTepHo OcOOeHHOCTHIO THAPOOKUCH XPOMa, H3 KOTOPOH B lal bHel- 
WIeM NOJlyyalorcA XPOMOBbIe KaTaJIM3aTOPHI, ABJIACTCA oOpasoBaHue ee B ABYX 
Da3IMUHbIX (POpMax: cepo-rouyOoH HM YepHO-3eJIeHOH, KOTOpaA MpH mpecco- 
gaHUM UM Cylike aeT YepHble WMJIMHAPUKH C OeCTAHULHM PaKOBHCTHIM H3JI0- 


f S} 
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i 


Ta6onnwaZ 


pone eres fae eae HacpinH. Bec 
roNo 3 esIbH. 110- pacnpeyesenua| CeHsoua, aq- b 
“ nhoRe tt Hea B M*/r Payuyc nop B A cae emee a Beal 0 ae 
MMOJI/P 
se cm ee Tess NE a 
4 70 20 — 40 31 1,4 10,36 
4a 25 HeOoubill. KOH. — 1,0 — 
KpynH. Top 
46 30 To «xe — 1,2 — 
5 75 18 — 36 32 ANG 9,81 
a 125 Henopuctpiit — 2,4 3,48 
23 140 Henopuerpint — 3,4 D320 
26 200 Henopucrtpii — Bil 5,60 
ei 70 27 — 38 34 dhesth 10,77 
37 95 35 — 100 70 SO 10,67 
42 | 135 Henopuctaiit — 9 1,08 


MOM. @OpMbI STH He ABMAIOTCA Pa3JIMYHbIMA KPUucTaJJIMYeCKMMH MOsMH- 
-KallMAMH, TaK KaK O6€ OHM peHTreHOamopduEl (*). 
Tlonyyenue rugpookucu B TOM MIM HHOH PopMe 3aBHCHT MCKJIOUNTeIbHO 
OT CKOpocTH O6pa30BaHHA OCaKa Ip OcarKeHHH: MpH ObICTPOM C/JMBaHMn 
KOHICHTPHPOBaHHbIX PpaCTBOPOB OOpa- 
ee 3yerca Cpasy cepo-royOol ocaqoK rug- 
PpOOKHCH, a MpH OYeHb MeJVICHHOM JO- 
OaBJICHHH MO KalJIAM OCaJMTeA B pas- | 
OaBJIeHHbIN pacTBOp COJIM XPOMa OCa- | 
WOK, OOpas0BaBlIHHCA B MecTe MoMajja- 
HHUA KallIM, ycneBaeT pacTBOpUuTECA, 
JaBas pacCTBOPHMbIe€ OCHOBHbI€ COJK 
XpOMa, KOTOPble MpH JabHelllemM J0- 
OaBIeHHH OCalNTeIA WaloT TeMHO-3e- 
J€HyIO THPOOKHCb XpOMa C HHbIMH 
cBolcTBaMH. KovpumoTrep (°) Ha3bIBaeT 
rouyOy1o THApOOKHCb «uCKpeTHO-yNC- 
MepCcHOM», a YepHylIO «KOMMaKTHO-UuC- 
TlepCHOM»> MH CUMTaeT, YTO y MocmeqHe 
YaCTHUKH CBA38AHbI MEXKTY co6oH TOMb- 
KO peOpaMu uw yriamu. 

Hactosjee uceteqoBaHve mo0Ka3a- 
JO, YTO TpHunHa B pasIHdHH WBetTa 
H CBOHCTB OGeHxX tbopM TrHApooKucH 3a- 
KJOUaeTCA B TOM,YTO KaTaJIM3aTOpbl, 06- 
pasyronlmecs noce eruypataluu yvep- 
Puc. 1. Usorepmpt agcop6unn mapoB 6eH30- HOW THAPOOKHCH, OOs1aaloT GObINHM 
na npu 0°. /—qaa mpenapara 26, J] — KOUMUYeCTBOM MenKUX mop, a mocne Ae 
Waa mpenapata 27. a — agcopOunonnanr ruypatalnn rory6or — lop He HMeIoT. 
BeTBb H30TePMbI, 6 — JecopOMMOHHAA BeTBb Waa mpumepa ua pune. l, J MIpHBeLCHbI 

H30TepMbI afcopOunn mpenapata 26, 
NoyYeHHOrO OOesBOXxKUBaHHeM ToNyOoH rukpookuen, u ua puc. |, J] — lpe- 
Mapata, MOJIy4eHHOrO OOe3BOXKUBaHHeEM YepHOH ruApookucn. Jlecop6unouuple 
BeTBH 6 YKa3bIBalOT Ha OTCYTCTBHe Nop y mpenapata 26 (kpuBbe cop6unn a u 
qecopOunn 6 NouTH COBMaaioT) M HalMuNe Nop y mpenapata 27 (KpuBHe a u 6 
oOpa3ytor OovIbuy1o Neto rucrepesnca).M3orepMbi aycopomnu npenapatos 7 u 23, 
NONYYCHHBIX M3 TOMyOOH THAPOOKUCH, Obl aAHAIOPMUHbI u30TepMe lipenapata 
26, a u80TepMbI mpenapatos 4, 5 u 37, NOMYYeHHBIX u3 yepHOH rujpooKucn, 


AHaNOPH4Hbl UZOTepMe Mpenapata 27. JA TOTO TOOL! 3aTOPMOSHTb TpaBHVJIbHOE 
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» PerupoBanve YacTHYeK TPH OCaK eH THAPOOKHCH, CHHTes mpellapata 37 mpo- 
PAHICA BMPKCYTCTBAH MpOAyKTa peakl{MH (a30THOKHCJIOro xpoma). Y novyuex- 
pro Nocile akTHBHPOBaHUA Wpenapata 37 pasmepbl mop, MaKcuMyM pacmpeje- 
;2HHsi OObEMA NOP M BeIMYHHA YeJIbHOM MOBepxXHOCTH, a TakxKe KaTayMTHUe- 
\<asl AKTHBHOCTD (') MpeBblilaJIM TakoBble nmpenapata 27 (cM. TaGu1. 2h 

IIpenapat 42, NOJYYeCHHbIM HarpeBaHuem OuxpOMaTa aMMOHHA, CyaA no 7e- 
))POUMOHHOM BeTBH erO H3OTEPMBI, TOKE Obi HeENOPHCTbIM. OOpataer Ha ce6a 
/HMMAHHE €FO UCKJIOUMTEJIbHO MaJIbIii HaCbIMHOli Bec. 
| BosmoxHocTb nosmyuaTb, BAPbUpyA CKOpocTb OcaxKeHus, penapatbl pa3- 
|A4HOFO OTTCHKA, OT Cepo-roslyOoro NO YepHO-seMeHOrO, MePKO MOXKHO OOACHUTL 
/X pa3IM4HOH cTemeHbIO NOpucTocTn. 
Ip cpaBHeHHN BJIMAHHA PasMUHIX PakTOPOB Ha CBOLCTBa NOMyuaeMbIx 
/POMOBbIX KaTaH3aTOPOB MONYCTHMO CpaBHUBaTb TOKO Mpenapatbl, nomy- 
SHHbIe W3 OHO HM TOM xe COpMbI ruApooKucn. 
_ [lax BbInCHeHHA BIIMAHHA HCXOJHBIX BeLeCTB Ha CBOMCTBA MOJIy4aeMbIX KOH- 
AKTOB HeOOXORMMbI PaClIMpeHHbIe UCCIeqOBaHHA, OHAaKO uM MpOBeeHHBIE 
\NbITbI MOKAa3bIBalOT, YTO Ha MpelapaThl, MPHrOTOBMeHHbIe H3 YePHOH ruLpo- 
jkucH, ocaqutTenb (NaOH y mpanapatos 4 u 5 u NH,OH y mpenapara 27) ue 
Ka3aJl 3aMeTHOTO BANAHUA. BewMunHa NOBepxHOCTH y HHX Oblia npakTHuecKkH 
iquHakosol (70—75 m’/r), pawuycbl nop KomeOamuch B mpeqenax 20—40 A, 
}AKCHMYM pacripeyfeseHHA OObeEMOB Op u OOuLee KOMMYeECTBO GeH30/Ia, COpOu- 
}OBaHHOe MPM HaCbIlleHHM, a TaKXKE HaCbINHON Bec Obi OH3Kku (cM. TaGs. 2). 
LecKOJIbKO OTJIMUaJICA MO CBOHM CBOHCTBaM Ipenapat 37, HO 3TO OODACHHeTCA 
\M€LWMGUUHOCTHIO ero CHHTe3a (CM. BHIIlIe). 

Mnyto KapTuny MbI HaOJoJain y npenapaToB, NpHroToBJIeHHbIX U3 rosyOouK 
jajjpookucu. BemnuuuHa yyeubHOH NOBepxXHocTH, OOmee KOMYeCTBO 6eH30VIa, 
OpOupoBaHHOro MIpH HaCbINeHHH, H HaCbIIHOH Bec OblwIn OobWe y mpema- 
ata 26, IIpwroroBseHHOrO W3 THAPOOKHCH, OCaxKMeHHOL aMMHaKOM, 4eM y 
penapata 7, IipHrorToBJeHHOrO U3 PHApOOKUCcH, Ocak WeHHOH NaOH (cm.tTa6u. 2). 
_ ja BbISCHeHHA BIIMAHHA TeEMMepaTyPbl HW MpOOMKATENIbHOCTH aKTHBUPO- 
laHUA OTIC bHbIe MpOObl YVepHOM THApOOKucH ObWIM NOABeprHyTbI aKTHBUPOBa- 
ju10 mpu 450° B Teuenne 2 vac. (mpenapat 4) u B TeueHue 8 uac. (npenapar 4a) 
3aTeM mpu 525° B Teuvenne 2 uac. (mpenapat 46). YBemnueHne MpoqOMKUTeIb- 
ocTu HarpeBaHua mpu 450° c 2 go 8 4ac. npuBeslO K YMeHbIeHMIO BeJIMUMHBI 
flebHOu moBepxHocTu c 70 fo 25 m?/r uw noYTH NOMHOMY UCuesHOBeHUIO Nop; 
Omlee KOHUeCTBO GeH30sa, COPONPpOBaHHOe MpH HacbIMeHuUu, yMaso c 1,4 Zo 
0 mmou/r. AHanOrH4HbIi spPeKT aslo NOBLIMeHHe TeMMepaTy pbl AKTHBUPOBaHH A 
450 no 525° (npenapat 46). YaeuwbHad MOBepXHOCTb ynaJla B 9TOM cuIyyae 
/70 no 30 m?/r u KosMuecTBO 6eH301a, CopONpoBaHHoe Mpu HacbileHuu, c 1,4 
o 1,2 mmou/r (cm. Tab. 2). Y sTOrO Mpemapata Toe UMeIOCb TOIbKO HEOOMBIIOe 
ONMYECTBO KPYIIHbIX Mop. : 

J\siA BHIACHEHUA BJIMAHWYA MpoWeccoOB CTapeHHA TuApOOKMCH Ha CBOMCTBAa 
OJIYYaeMbIX H3 Hee KOHTAKTOB Obl CHHTe3HpOBaH MpenapaT 23 u3 pacTBopos, 
arpeTbix jo 80°, a akTHBHpOBaHue ero OplwIO MpoBefeHO Yepes 2 Toga mocse 
uuTe3sa ruypookucn. B octasbHomM mpenapat 23 Obl NpHroTOBeH aHasOru4HO 
penapary 26 (cm. Ta6n. 1). Mso0repmp! aqcopOunu o6oux mpenapator moKasasn, 
TO IIPOMeccbl CTapeHHA THAPOOKUCH M cCMOCOOcTBYIOULee HM MOBPILMIeHHe TeM- 
epaTypbl OCaxKeHHA YMeHBbUNaOT YACJIbHYIO MOBEPXHOCTb H HaCBINHOH BEC 
penapatop (cm. TaOs. 2). 
Viuctuty? o6mleii u Heoprannueckolt XMMHH Tocrymu1o 


um. H. C. KypuHakogpa 17 IX 1958 
Axkayemuu HaykK CCCP 


UMTUPOBAHHAA JIMTEPATYPA 


1 ; e ucceptauna, Wucr. o6u. uw Heopr. xum. uM. H. C. KypHakopa AH 
Rep i0c6. . 2g. oe u np wer, P. Emmet, A. Teller, Ji AniGhems Socy 
g 690 (1926). %A. Tl. Kapuayxos, A.B. Kucemes, ESB: JX pamosa, 
|AH, 92, Ne 2, 361 (1953). *A.B. Kuceses, Yen. xum., 14, 367 (1945). HM Keo hes 
chitter, Koll. Zs., 77, 299 (1936); 96, 237 (1941). 
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Jloxnagn AkayemMun Hayk cccP 
1959. Tom 124, Ne 3 


PH3BHYECKAA XHMH fF 


C. C. CTPOEBA, H. B. KYJIbBKOBA u M. H. TEMKHH 


M30TONHbIM OBMEH ME)K]LY CO HW CO, HA PASJINGUHbIX 
MOBEPXHOCTAX 


(ITpedcmaeneno axademuxom C. C. Medeedeeuim 29 1X 1958) 


B peakiuax u30TOMHOrTO OOMeHa 3aKOHOMepHOCTH, OMpeetalouiMe cmeltn; 
cuuHOCTh KaTalMTHYeCKOrO eHCTBHA MOBePXHOCTeH, JOJDKHbI MPOABJATHCS 
B Oomee 1pocToH tbopme, 4eM B APyrux KaTasIMTMYeCKUX TeTePOreHHbIX Tpowec 
cax (1). Mostomy Hamu MpeyqNpHHATO uccieMOBaHue CKOPOCTH OOMeHa aTOMaM | 
Kucopofa mMexy CO u CO, Ha pasiM4HDIX noBepxHocrax. Panee Opia u3y+} 
qeHa KMHeTHKa 3TOrO OOMeHa Ha Fes,QO,4 c MoMollbio MegeHoro KHCOpona (*)§ 
Bb Clea BbIBOL, YTO peaKUMA MpoTeKaeT NO MpocToH ABycTaqnHHoHu cxemd 
¢ yYaCTHeM aTOMOB KHCJIOpoOjla NOBePXHOCTH KaTasIM3aTopa. B AaHHOH padorTe 
IIa HaOMOJeHuA OOMeHA KHCOPOOM Obi UCMOMb30BaH pamuoyrsepoy C'. Tat 
KUM OOpa30M HaOwloqalacbh peakilHA 


CHO;'2C0 C¥ORE COs (1 

Ef oTBeyaer JIBYCTayMMHaA Cxema: 
as CMO: + () = C#0 + (0), (2 
CO cts(O) es OO etal (3% 


3ylecb (O) — noBepxHocTHBIN aTOM KucJIOpoja, ( ) — cBoOoLHOe OT KuCOpORé 
MeCTO MOBepXHOCTH. 

Ecam peakiua (1) mporekaeT Ha NMOBepXHOCTH, paBHOMepHO HeOJHOpO,HOr 
M10 TemloTaM ajcopOWMM KuHCJOpoya, B OOsacTH CpeAHHX MNOKPBbITHI, T. e. 
B YCJIOBHAX MPHMeHHMOCTH JlorapHpMH4eCKOH M380TePMbI acopOuuu, uv ecJM 
TeNOBOH a:pPeKT HM SHeEprust aKTHBAaLMH Mpoteccos (2) Hw (3) Ha pasJIMUHDIX! 
MeCTaX MOBePXHOCTH CBH3aHbI JIMHeHHOH SaBHCHMOCTbIO, TO CKOPOCTb peakIAH 
HOJMKHA OMMCbIBAThCA YpaBHeHHem (1, *) | 


* le 2 BP 1—« é 
ont Poa (Ray — Pooley] 


2 


rye k* —xkoncranta cKopoctu, Pcouo, —naptambHoe yaBnenue CO, u tT. 2.3 
%—NOCTOAHHAA B yKa3aHHOH JIMHelinOli 3aBHCHMOCTH. ITO ypaBHeHHe corva- 
cyeTcA C OMbITOM B CJlydae KaTasM3aTopa Fe,O, npu « = 0,5 (?). Jlorapud- 
MuuecKad M30TepMa JVI KHCOpOa Ha 9TOH MOBepXHOcTH OblIa nosyueHa 
HeMOCPeCTBCHHO (*). 

Ecum peaktiua (1) nporekaer npH MaJIOM MNOKpbITHH NOBepXHOCTH KHCJIO- 
POOM, TO €€ CKOPOCTb IIpH TOM XKe MeCXaHH3Me, KaK JIePKO MOJIYYMTb 43 COLIN 
ypaBHenult (*), BbIparkaerca culeqyrouyymM o6pasom: 


Ore ie ae roa Pcuo 5) . (5 


\ 


. PopMabHO ypapHenua (4) u (5) Mmoryr PaccMaTpHBaTbca, KaK “acTHBIe 
cAyyan ypaByenna 
j P m P 1—m 
gine | Povo, ( — = apy (aaa | 2 
NS woop ono (pe) ©) 


OOTBETCTBEHHO MPH = MH m=O. AnanormuHo sToMy KHHeTHKa, OTBE- 
Qfarollax NOKpbITHAM, ONM3KHM K HACBIIeHHIO MOBepXHOCTH, momyyaerca ug 
‘paBHenua (6) npu m= 1. 

Cueqyer OTMeTHTb, UTO NpA Pco = Poo, 


@ — R* (Pcuo, — Pug ) (7) 


HI€3ABMCHMO OT 3Ha4eHHA mM; JIA HaxXOKTeHHA mM HeEOOXORMMO UCHOUb30BaTb 
RIaHHble MO 3aBHCHMOCTH CKOPOCTH peaKILMH OT CocTaBa ra30Boli cmecn. 

Vsyyenve KuHeTHKH peakiwuH (1) mpoBoxusoch B craTuyecKOit YCTaHOBKe 
j: UMPKYJISAWHeH, OCYLULECTBIACMOH CTEKJISHHBIM 3JIEKTPOMATHHTHbIM Hacocom. 
Jia usmepexua payMoaxtusnocru CO u CO, ocanku BaCO, uccsexoBanncp 


f TOPUEBLIM CUeTUMKOM. Jana pacueTa KOHCTAaHT CKOPOCTH OOMeHa = CJIV>KHIO 


AypaBueune: 
At S 
a ee ilib ; (8) 
t(Peo/Pco, + 1) (Pco,/Pco) — Reo (Pco/Pco, + 1) 


biTeKalollee H3 ypaBHeHua (6). Snecb S—cyMMapHas payMoakTuBHOCTb ra3a 


rr co x 
#S = Reco, + Pe Reo; Reco, 4 Rco —paWoakTUBHOCTb, COOTBeTCTBEHHO, 
O2 


ia 


(CO, u CO nocne onbira; t—BpemaA KOHTaKTa ra30Bol cMecu Cc KaTasu3aTO- 
iy W 7, 
BpOM, BbIUHCJIAHeMoe 0 (bopMyvie t = yt, Tae W—o6nem xaravusatopa; 


V —o0bem rasopoH cMecH B CHCTeMe, MpHBeseHHbIi kK TemMnepaType ombI- 
Ta; ¢— npofOJKuTesbHOCTb onbita. IlocrosuHaa k cBa3ana c k* ypapHennsa 
{(6) paBenctBom k = poRTR*, rye p —HacbINHOli Bec KaTaslM3aTOpa, o — yJeub- 
sax MOBepXHOCTb. 

| B onpirax ucnov30BasIMcb KaTamM3aTOpbl B Bue TaOseToK (Ag, Cu, Pt, 
(Co, Fes;Q,, Ni, W) guamerpom 2—5 mm wu B Bue cboupru (Ag, Pt, Ni). 
#Pes3yJibTaTbl H3MepeHHH MpHBeReHbI B Tad. 1. 

| B ycJIOBuAX ONbITOB JIA BCexX KaTaJIM3aTOpoB, KpomMe Fe,O,, peakuHa 


CO + MeO = Me + CO, (9) 


/npakTuyecku TIOJIHOCTbIO CMellleHa B CTOPOHY OOpa30BaHHA MeTaJia. Da3oBbiit 
jcocTaB MarHeTuTa Fe,O, ocTaeTca HeH3MeHHbIM pH Poco, :Pco > 2. 

| Cepe6po. B unteppane temnepatyp 175—350° Ha tTa6jeTHpoBaHHoM 
t Ag-nopouKe (24 r) u npu 700° na Ag-cbonpre (10,5 r) mpoteKaHue peakuun (1) 
foOHapy2KHTb He yjaJOcb. 

~ Meygp. Kunernueckue u3MepeHua mpoBogzusuch B OOacTH TemMnlepaTyp 
(250 — 400° ua megu (31), BoccTaHoBJeHHOH u3 CuO okucbiO yrulepoya. 
)}BenuuuHa Rk nocTtosHHa Np usMeHeHHH OOUero MaBJIeHHA Ta3sO0BOH CMeCH 
IP =Pco+Pco, H He 3aBHCHT OT COCTaBa CMeCH, eCJIM MpHHATb ft =0 
(Ta6n. 1). 

Ila atuua. Onpirp! npopogumuch Ha Pt-yepHu (1 r) mp Temneparype 
(250—300° u Pt-conpre (1,89 u 3,7 r) mpu Temneparype 600—740°. Ha Pt- 
(YepHH MapasenbHO c peaKuuelt (1) mpoxogquna peaxuns 2CO=C+COs, 
papHoBecne KoTOpoH upu ¢t< 700° cyBnHyTO B cTOpoHy o6pa30BaHHuA yrue- 
pona (*). Be3 Katamu3aTopa 9Ta peakiMA He UJeT, HO OHA MpoTeKaeT CO 3Ha- 
YMTebHOL CKOpOcTHIO B mpucyTcTBun Ni, Co, Fe (°), a Take Pt, kak noKa3aau 
Hau onbiTpl. Oruaratoumiica Ha moBepxHocTu Pt-yepHu yruiepoq yMeHbulaJ 
AKTHBHOCTbh KaTaJIM3aTOpa, H MpOBOLHTb KMHeTHYeCKHE U3MepeHHA OBIIO He- 
po3moxKHO. UroObl u30eKaTb 3ayrviepOxKUBAHHA, OMIT! MPOBOMJIHMCb MPH 
700° ua Pt-coupre. ; 

Ko6aabtT. Ha KoOanpre (6 r) peakunsa (1) 3amMeTHa, HaYHHaAH C 265". 
Baarogapsa 3ayrsiepoxKuBaHulo aKTUBHOCTb KaTaJIM3aTOPa OTHOCHTEBHO STO 
‘peakUMu YMeHbIlalacb, H U3y4eHHe KHHETHKM He NPOBOIHVJIOCH. B tao. 2 
MpuBeleHa HanOOIbIUaA H3 MOJYYeHHbIX Ha Ko6abTe mpu 300° BemnunH R°. 

SaKkucbh-OKUCb Kene3a. Onpitp c FeO, (2,6 r) npopogumucs 
mpu temnepatrype 250—300° un coctape rasa Pco,: Pco>|1. Pesyabtatpl KnHe- 
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je) | k, cex- 2 
S ot pte tlies saa Se - 
a s ae 7T, CeK = | P, uM & 
6 a re) oe = as ° ie) 
3 & m=0|m=0,5| m=1 2 & 
Cu, 340° FegO4, 270° 
41] 43) 4:4] 4,98] 0,037| 0,037] 0,037) 25] 176 5:1] 7,4 |0,0246]0,055] 0,12: 
5)! 80] 4:4! 5,84] 0,050) 0,050} 0,050) 27) 176 3:4] 7,1 |0,0260) 0,045 | 0,078 
7| 83] 41:4) 5,96) 0,048 0,048} 0,048) 45) 176 2:1| 38,7 10,0326] 0,046} 0,065 
43] 447] 4:4] 41.44] 0,037} 0,037] 0,037] 29] 176 4:1) 7,4 |0,0640) 0,064] 0,064 
42| 249] 1:4] 4,98] 0,041] 0,041] 0,041 
| 46) 45 2:4} 2,4 |0,0587| 0,083} 0,143 
18} 196} 1:5] 6,26} 0,056] 0,026) 0,014) 44) 60 2:4) 3,7 |0, 0600] 0, 085) |) OF 
141 43 1: 3} 10,86) 0,046) 0,033} 0,015) 44) 77 2:1! 3,7 |0,0495} 0,070) 0,08 
16] 200/4,5: 4] 5,26) 0,035) 0,045) 0,052) 40) 120 2S ian 0,020) 0,056 0,07 
45| 127) 3:4] 8,48} 0,040] 0,073) 0,120) 33) 238 4341) 5,5 10,059 | 0,059] 0,05 
17} 190| 5:4] 8,00} 0,045) 0,100} 0,225] 34) 318 4:4) 5,5 0,061 | 0,061] 0,06 
Pt-dompra (1,9 r), 700° Ni-dbomsra, 700° 
Dal reoll n= winOVGsel Usea2|( 0), Soc Unsocimlol Joo 4:8) 1,9 |0,595 |0,210) 0,07 
Doha teed On63st20. 8320) Boab O, socio 720 4:1) 1,6 |0,364 | 0,364] 0,36 
35| 265| 1:4] 0,633] 0,305] 0,305] 0,305] 12] 194 4:4] 0,74 10,253 |0,505| 1,030 
Pt-cboubra (3,7 ©), 700° 43) 342 |7,85:4] 0,54 |0,195 | 0,545 1,530 
9| 573 [8,7 :4) 0,153) 0,56 | 1,66 | 4,90 | 141 344 [42,2 :4| 0,43 10,078 | 0,280! 0,960 
3] 304 |5,6 : 4] 0,220) 0,78 | 1,83 | 4,40 W, 550° | 
Oh) ia ee OF O24 26 alate ou leon oe WMe259, Waist 3,12 [0,0118/0 ,0236)0 , 0472 
HM WA eNO aS aL iat Ge iS | ile 73} 8] 134 |4 :2,25]11,33 |0, 1240/0 ,0825)0, 055C 
8] 166| 4:2] 0,416] 2,34 | 1,66 | 1,17 || 9] 105 |4 :3,66]10,30 |0, 2060/0, 1340/0, 0876 
Ta6Omuna 2 
k*-108, 
: 5 MOJI KKaJ 
Katanusatop e, r/cm®| o, M2/r Sa Grae Os JIutT. HCTOWHHK ™m 
Ag 1) BS Ose = 16 (5) a 
Cu 0,75] 12.9 2,64 80 (?) 0 
Pt-cpoupra 21,4 *| 0,014 | 10,4 100 (8) 0,5 
Co LAD 4,5 14,2 144 (9) = . 
FeO. 1,18) 14,6 29,6 425 (8) 0,5 
Ni-ourbra 8,9 *| 0,0045) 41000 130 (28) 0,5 
W Od acs 0,0029 | 155 (22) 4 


* T] norHocTb. 


THYCCKHX H3MCpeHHH TNOATBEPAWIM BbIBOLBI, CeaHHbIe B paooTe (7). Bo- 
Jee BbICOKOe 3HayeHHe Fk B onbire 29 MOxKHO OOBACHHTb BOCCTAHOBMeHHeM 
Fe;O4 mM Oomee BbICOKOM KaTaMTMYeCKOli aKTuBHocTbIo Fe no CpaBHeHHWo 
© MarHeTHTOM. 

Hukewb. Peaxuua (1) nporexana Ha tTa61erupoBaHHom Ni-nopomxe 
(2,5 r) ¢ 3ameTHO CKOpocTHIO, HayHHasd c 200°. AkTuBHocTD KaTaJIM3aTOpa CHH- 
KallaCh B PesyiIbTaTe sayriepokuBaHuA. Tlostomy KuHeTHUeCKHe u3MepeHHA 
IpoBowuincb Ha Ni-onpre (5,12 r) npu 700°. 

Bowbgpam. Onsiret xa W (1,17 r) nposogunuce mpH 550—700°. Wasa 
W'B yculOBHAX ONbITOB Maso ycroiianBa. Vsoronubiii o6meH 3aMeTeH, HaunHas 
c Temmepatypbi 550°, npu sToli xe TemlepaType HaynHaeTca OOpasoBaHue Kap- 
Ouxla BomEdpama. TIpu 6omee Beicoxux TeMlepaTypax MpOHCXOMUT OKUCeHHe 
BOIbppama yraekucworoit. CraOuIbHy!0 AKTHBHOCTH KaTaJIM3aTOpa MOJY4HTE 


be WAATOCb, OSTOMY BOSMOXKHO JIMIIb TPHOWKEHHOe CyKeHMe O KMHETHKE. 
63) 


PeHTreHOCTpyKTypHoe HCCeAOBaHue KaTaIM3aTOPOB, mpopeyenHoe H.T. Ce- 
9 BaCTbAHOBbIM MOCJIe KAHETHYCCKUX H3MePpeHHH, MOKa3aJl0, 4YTO OKHCHOMKeNe3HbIIt 
‘KaTaJIH3aTOp HMeJI CTpyKTypy, OTBeyaloulylIo dase MarHeTuta Fe,0,, Ni u Co 
MpeACTaBAAIM METAJIIbI C MPHMeCbIO yrviepofla, B MeJHOM KaTasusaTope 0o6- 
§ HapyxkeHa MIpHMecb Cu,O B HeOOMbUIOM KOMMYECTBe, B BOJIbtppaMOBOM KaTaJIu- 
‘|3aTope ycTraHOB/IeHO 3Ha4uNTedbHOe cofepxaHwe KapOuya Bosubdpama WC. 

BplIM BbINOMHeEHbI H3Me€peHuA yebHO MOBepxHOCTH KaTaJIM3aTOPOB 110 
W) HMSKOTeMMepaTypHOH afcopOuHH a30Ta, pe3yJIbTaTbl NpHBeyeHEI B Tabu. 2. 
ConocTaBuM MOJIyYeHHbIe LaHHbIe C TeopeTHYeCKUMM BbIBOJaMH 06 ycOBHAX 
HanOOJIbuleH aKTHBHOCTH KaTasusaTopos (!), MakcuMaslbHaa CKOpocTb peak- 
Wuu (1) Ha mOBepXHocTH Cc He 3aBUCsIel OT 3anOHeHUNA TeMMOTOL ajcop6uuu 
 RocTuraercaA, CCIM MOKPLITHe MOBEPXHOCTH KHCIOPOAOM B XOfe peakUNH paBHO 
3| 0,5. CoorsercrBytonlee 3HaveHHe TeNJOTHI aqcOpOMMH KUCMOpOsa, KOTOpOe MBI 
OyeM Ha3bIBATb ONTHMAJIbHEIM, MOxXeT ObITb OLeCHEHO ceLyIOULUM O6pa3om. 
| IIpumem, uro crawjapTHoe u3mMeHeHue 9HTponuu AS° mpu nponecce (3) 61u3KO 
/K 3HayeHuim AS° ja peakuni (9). Tumuunoe sHayeHve guia peakuuli (9) 
J AS° = 2 xan/rpan (Me =Ni, Cu). [pu nonopunnom noxppiruu craHzapTHoe 
€ U3MeHeHHe CBOOOHOH SHTaIbNuM AA mpouecca (3) AG® = 0; Trak kak AG? = 
= AH —TAS®, to gaa 300° nonyyaem AH = 1100 xan. KomOunupysa sty 


. B cilyuae MOBepXHOCTH C TeMMOTOH amcop6uun, JIMHeHHO MeHAIOUIelICA Cc T10- 
9 KpbirHeM, HavOOJIbllad KaTauTM4eCKad AKTMBHOCTb OyJeT B TOM CJlyyae, ecu 
TeNOTa afcopOlHH pu MOJOBHHHOM MOKpbITHM OM3Ka K ONTHMaJbHOK. Pe- 
} AKILMA TOrfa OyfeT MpoTekaTb B OOMACTH CpeMHUX NOKPHITHH, T. e. Cc m = 0,5. 
Ecuim Tenota acopOunH MHOrO MeHbIlIe ONTHMAaJIbHOH, KMHETHKa JOJDKHa OT- 
9 BedaTb MAJIbIM NOKPbLITHAM Hu m= O; ecu TenoTa aqcopO6uuu MHOrO OovIbuUe 
| ONTHMAJIbHOH, JOJKHbI OCYUICCTBIATECA OObUIMe MOKPbITHA um = 1. B oOoux 
culyuaax KaTaJIMTUYeCKad AKTHBHOCTH JOMKHA ObITb HH3KOH. B Tab. 2 comocraB- 
JI@HbI AKTHBHOCTH HCCJIEAOBaHHbIX KaTasM3aTopoB mpu 300°, xapakTepu3yemble 
KOHCTaHTOH k*, TensOTb! alcopOunH KucOpofa NO JMTepaTypHbIM JaHHbIM Hi 
3Ha4eHHA KOHCTAaHTHI m. Bemuunupl k* aaa Pt-, Ni-cousrn u Bosbdpama 9kKcTpa- 
MOMpoBaHb! K 300° c momolibIO ypaBHeHuas AppeHuyca. CieqyeT OTMeTHTb, 
—YTO HMeIONMeCA JaHHbIe Mo TemoTaM ajcopOuun BecbMa HeoJHOsHayHb!. Mol 
| OT{aBaM MpeqMOuTeHne pesybTaTAaM MIPAMBIX KaJIOPHMeTPHYCCKHX H3MePeHHH. 
) MakcuMaJIbHOH aKTHBHOCTbIO OTHOCHTCIbHO peakINH (1) o6manaet Ni, a Takxe 
{ Pt, Co, Fe;O,. Tenmorpi aqcopO6uuu Kucnopoga y 9ITHX KaTaM3aTOPOB OM3KH, 
10-BHJMMOMy, K OMTHMaJIbHOH, m = 0,5. Y megu Tensota aycopOuun cyulect- 
BeHHO MEHbIIe ONTHMAJIbHOM, €e KATAIMTHYeCKaA AKTHBHOCTb HUXKe MAKCHMAJIb- 
HoH, m = 0; y Boubipama, uMeroulero TeroTy acopOunu OobIle ONTHMaJIb- 
HO, KaTasMTMUeCKad AKTHBHOCTbh TakxKe HW2Ke MAaKCHMaJIbHOH, m = 1. Ina 
Ag, y Koroporo TenoTa afcop6uuu Kucmopoga paBHa 16 KKas/MOJIb, T. e. 
BCCbMa MaJla, OOMe€H OOHAPy2KUHTb He yalocb. TakuM oOpa3oM, OMbITHbIe aH- 
HbI€ HAXOJATCA B KAaUeCTBCHHOM COTIacHH C TeOpeTHYeCKMMA MpeACTaBJIeHHAMH. 
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Jloxxagn Axagemun nayx CCCP 
1959. Tom 124, Ne 3 


PUSHIECKAS XHMUA 


we A. Tl. WIEMHKEP, M. K. AKOBJIEBA, 9. B. KPHCTAJIbHbIM u A. i. ABKHH 


‘ 0 MEXAHH3ME" HH3KOTEMIEPATYPHOM NOJIMMEPH3AUMH 
MOHOMEPOB IOJ7EMCTBHEM PAMMA-H3J1Y VEHHWA 


(ITpedcmaeanenc axademuxom C. C. Medeedesoim 80_X 1958) 


Onnoli u3 OcoOeHHOCTeH paqNalMOHHOM NMOJMMepH3allHu BUHMJIOBbIX COeIH- 
HeHHii ABJIACTCA BO3MOMKHOCTh MPOTeKAHHA STHX MpOleccOB Ip CpaBHHTeJIbHO 
HU3KHX TeMMepaTypax. OTO OOyCMOBMEHO OTHOCHTEIbHO HeOOWI INH MH BeJIMUH- 
HaMH SHepruu aKTHBallMM Mpolecca MOMMepH3sallMM NOM AeHCTBHeM U3Jyue- 
Huli (') 10 cpaBHeHHio C NOMMMepusal\veH NOL BIMAHMEM BeULeCTBeHHDIX HHMUMa- 
TOpoB. Tem He MeHee IPH 3HAUHTEIbHOM NOHMKEHHH TeMNepaTyPbl BCE Ae CyIe- 
yet OxuflaTb CyUleCTBeHHOO CHH2KeHHA CKOPOCTH MOJMMepH3allHH. OHaKo, 
Kak ObWIO YCTAHOB/ICHO HAMM, MO/IMMepH3allusl HEKOTOPbIX MOHOMEPOB (u306y- 
THJIeHa, HUTPWJla aKPHJIOBOH KUCJIOTHI H Apyrux) NOX WeHCTBMeM Y-H3/1y4eHUA, 
lake pH TemmepaTypax BeCbMa Hu3KHX (—195°), NpoTeKaeT C BNOHE H3MepH- | 
MOH CKOPOCTbIO. 

Pa6otamn, BbINOHEHHBIMH B OOacTU paqNalMOHHOH NomuMepHsallun, Obi0 
yCTaHOBJIeHO, 4TO Mpolecc B STOM CJlyY¥ae B YCJIOBHAX OObIUHbIX TeMMepatyp | 
OCyIeCcTBIAeTCA 0 pakuKasIbHOMy MexaHH3My (7). HaOmojaembie Ha ombite 
(akTb! (OTHOCHTE/IbHO OOIbIUAA CKOPOCTb NOJIHMepH3allMH Pa3JIMYHbIX MOHO- 
MepOB IIpH HH3KHX TeMMepaTypax, NOJMMepHsallua H306yTHVJIeHa, He MOJIMMe- 
pu3yr1ollleroca, KaK H3BeCTHO, NO pawquKaJIbHOMY Me€XaHH3My HM Jp.) 3aCTaBJAIOT 
TIpeAnoNOXKUTb, YTO HH3KOTeMNepaTyPHas PawHalMOHHaA NOMMMepH3alluA Mpo- 
TekaeT MO MeXaHH3MYy, OTJIMYHOMY OT PpaqHKaJIbHOrO. OTomy BoNpocy B JIMTe- | 
paType MOCBALIeHO JIMIIb OAHO cooOuleHue (°). | 

B HactosuleH padoTe U3JIOXKeHbI pe3YJIbTaTbI HCCMeOBaHHA MeXaHH3Ma 
HM3KOTeEMNepaTYPHOH NOJMMePH3allHH Pa3sJIMYHbIX BHHUWJIOBbIX COCRMHEHHH MOR 
WelcTBueM Y-u3sJiyyenua. J.na u3y4yeHHaA MeXaHH3Ma HaMu Obl HCNOMb3OBaH 
MeTOJ COBMECTHOM NOMMMepH3allHN, NO3BONAIOMLM H3 MaHHbIX COCTaBa COnOJIN- 
Mepa, a TaKxXe KMHETHYCCKUX JaHHbIX NOMYYHT HEOOXOAMMYIO HHOpMalino 
O Mpupoxe akTHBHbIX waCTHIL (paquKabl, HOHBI), BeAYINX NOJMMepH3alMOH- 
HbIM mpowecc (*). 

Hamu Oblia uccieqoBava COBMeCTHAad MOMMMepHsalluA U306yTHIeHa C xJO- 


PHCTbIM BHHH/MAeHOM (B «Macce») B HHTepBale Temnepatyp —/8--0° u merua- 


MCTak PHJlaTa (ee) CTHPOJIOM B XJIOPDUCTOM STWJIE€ Kak pacTBOpuTee Tip 
—78---+25°. 


TlowuMepu3allua npoBoxuacb B aMmymax Ha ucTouHHKe Co® montHocTBIO 
20 000 r-okB. pu HHTeHCHBHOCcTH 230—250 r/cex. Jlo3upoBka TIaTebHO OWMILeH- 
HbIX MOHOMCPOB B aMIYJIbI MPOHSBOANJIaCb B BaKYYMe B yCJIOBHAX, O6ecreun- 
BalouluxX OTCYTCTBHE KUCMOPOMa BOsqyxa. TouHocTh Ro3upoBKu u3s06yTHeHa 
M XJIOPUCTOrO BUHHWAeHa cocraBiana 2—3%. JIna sTHX MOHOMepOB BpeMs 
NOJMMEPpu3alHH B 3aBHCHMOCTH OT COCTaBa HCXOJHOH CMecH KOMeGanoch oT 2 
no 8 uac. TnyOuna nonumepusaunu ne npespmuana 10%. Brxox nowuMepa 
onpewerACA 10 Becy. OnpeqemeHue CocTaBa ConoOMMepOB H306yTHIeHAa C XJIO- 
PUCTHIM BHHUHCHOM MPOWSBOAHOCh C NOMOMLbIO aHaIM3a TMO/IMMepOB Ha CO- 
Wep2kanuve xslopa. 

Ha puc. 1 npeycrapnenbt aHHble O 3aBucHMOcTH cocTaBa oOpasytolluxca 
COMONHMEPOB OT COCTaBa MCXOMHOM cMecu JIA CHCTeMEI M306yTHIeH — xs0- 
PHCTBIM BUHMJIH ACH, MOYYCHHbIE TPH NOMMMepHsallMH B pasvMUHBIX Temnepa- 


TYPHbIX yCOBAAX. M3 sTHX DaHHbIX ObWIM HalieHbl KOHCTAHTHI COBMeCTHOH MO0- 


JIMMepHsaltun a (AIA u300yTuleHa) u 8B (ana XJIOPHCTOrO BHHWINeHa) m0 
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IPOWLCHHOMy ypaBHeHHIO MHTerpasbuoro coctaBa (°). Uncnenupie 3HayueHUA 
YHCTAHT NPHBeReHbI B Tabs. 1. 

M3 nomyuennbix JaHHbIX CuleLyeT, YTO COCTABLI OOpasyIOUINXCA COBMECTHBIX 
JIMMEPOB PC3KO MCHAIOTCH C M3MCHCHHEM TeMNepary pb NoOMMepusallun, NpHuem 
{ oOJlacTH BbICOKHX Temmepatyp (0°) coBmect- 
Ie MOMHMepbI OOoralleHbl XJIOPBUHMJINeHO- 
IM KOMNOHEHTOM, a B OOJIaCTH HU3KHX Temme- 
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>HHO CyUIeCCTBEHHO, UTO STO odoralieHue 
23KO YBeEJIMUMBaAeTCA C NOHMXKCHHEM TemMTe- 
Warypbi or —40 no —78°. Kak wn3pectHo, c 
}3MCHEHHEM TeMMepaTypbl moOsMMepHsaluH 
ypu OMMHAKOBOM Me€XaHH3Me MHUUMUNPOBa- 
AA COCTaBbl COBMCCTHbIX NOJIMMEPOB MeHsA- 
TCH JIMIb HE3HAUNTEJIbHO. 

' Takum o6pa3o0m, Ha6sl0faemoe oOpamie- 
‘€ OTHOCHTEJIBHbIX pPpeaKILHOHHO-CnOcOG6HO- 0 POF FEE GE AE 
eH MOHOMEPOB ykKa3bIBaeT Ha pa3JIMUHbIli Mon. dons usobymunena 6 ucx cmecu 
exaHn3M (payuKasbHbl, MOHHbIIi) MpOTe- Puc. 1, 3apucumoctb cocraBa cono- 
}aHHA peakiu NOJMMECpv3alun NOX Weuct- JIMME€p OB OT cocTaBa HCXOHOH cmecH 
MeM Palualnu B yCNOBHAX HH3KHX UM BbI- MPH Momumepusaumu uscOyTHaena c 
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Mon. dona uscbymunena 6 honumepe 


pOKUX Temmepartyp. XJIOPHCTbIM _BHHHJIHeHOM. Toukn — 
73 SKCICPHMEHTAJIbHbIe JaHHbIe; KPHBbIe 
| e€JIMYHHbI KOHCTAHT SONAL exh | PpaccuvTaHbI mo HaliqeHHbIM BeTH- 
JIA CHCTCMBI H300yTHJIeH — XJIOPHCTbIH BU- yuHHaM &% H 


WJIMJeH pu pawuKaJIbHOM MeXaHH3Me HHH- 

|HMpOBaHuaA cocTaBanioT a = 0 u B = 1,5 (°). Orn BenHUMHEI O0M3KH K BesH- 

(MHaM, HalJeHHbIM HaMW pu PpalMalMOHHOH MOMMMepHsalluu Mpu Temmepa- 

Type 0°. Sto MOxKeT CYKUTb MOKasaTeJbCcT- 

Ta6auna 1 BOM TOFO, 4¥TO B OO/ACTH BbICOKHX TemMMepaTyp 
(B aHHoM culyuae npn 0°) pagualuonHasa n0- 


|--pa nosmmMe- JIMMepH3aluaA U300YTHIeHa C XJIOPHCTbIM BHHH- 

one e 6 JIMMCHOM MpOTeKaeT M10 PayuKaJIbHOMy MexXa- 
HHM3My. 

_78 95 0 IIpu noHuxKeHHu TemMepaTypbl NOMMepH3sa- 

40 eae 0,24 IMM BCHCTEMe, OYCBUAHO, PeaIMsyIOTCA peakIMn 

0 0,03 1,3 MOHHOrO THMa, MPHYeM OJIN HOHHDIX Peak 


YBeJIMUHBaeTCA C MOHWKEHHEM TeMMepaTyppl. 

Jia w306yTusieHa, HMeIOWero Ba JICKTPONOJOXKUTEIbHBIX 3AMeCTHTEIA, 
‘(apaKTepHa, KaK M3BeCTHO, CNOCOOHOCTb K KaTHOHHOM NOJMMepH3alluu. XJIO- 
NUCTHIN BHHUJINeH 10 KapOOHHVEBOMY MeXaHH3MY He MOJMMepHsyeTCA B CBASH 
2? HAJIMUHeM B MOJIEKYs1e SIEKTPOOTPHMAaTebHbIX 3aMecTuTeeH y ABOMHOH CBASH 
‘aTOMOB xJiopa). B MOJIHOM COOTBeETCTBHV C STHM HaXOJATCA HW JaHHble NO pas- 
[eJIbHOH paualMOHHOH MoMuMepHsalluN us0OyTHIeHa MU XJIOpHcTOrO BHHMJ- 
qjleHa. 

Tak, mpu Temnepatype —78° HavaibHad CKOpOcTb NoswMMepusalun us0by- 
rusieHa cocraBsaer 0,31 mMon/n-uac, a CKOpocTb noJMMepH3aliMH XJOpucToro 
BMH eHa mourn B15 pas MeHbule uw paBHa 0,023 mon/a-uac. Haodopor, np 
)° cKopocTh nomMepn3allun XJIOpHCTOrO BUHUAMAeHa MOUTH B OO pas OoNbUTe 
cKOpOcTH NOMMepHsalNH Us00yTHIeHA. 

Takum o6pa30M, MpuBeJeHHble (akTbl MO3BOJAIOT MpeANOMOKUTH, YTO CO- 
BMECTHAaA MOJMMepH3alluaA H300yTHIeHAa C XJIOPHCTbIM BHHHIACHOM NOX BUIMA- 
HEM (-H3JYUCHHA NIP HH3KUX TeMMepaTypax OCYULeCTBIAeTCA 10 KapOOHHEBOMY 
MCXAHU3MY WJIM, BO BCAKOM CJly4ae, 10 MexaHH3My, OJIM3KOMy K KapOOHHEBOMY. 

CymlecrBeHubili uHTepec NpeAcTaBANO uccMeMOBaHNe MOMMepusalHH B OO- 
acTw HU3KUX TemMepaTyp Apyrux MoHOMmepos. B stom oTHOWIeHuN HanOomee 
AHTePeCHOM ABJISeTCA COBMECCTHAA NOMMepHsallMaA CTHPOa WH MeTHJIMeTAKPH- 
ata, NOCKOJIbKY JIA STO Mapbl MOHOMepoB MOLPOOHO usy4eH CocTaB OOpasylo- 
IIMXCA MOMMMEPOB B 3A4BHCHMOCTH OT MexaHH3Ma NOMMepusaun (7). 
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PaquallMoHHad mojMMepugallua CTHpoma A MeTHJIMeTaKpHJlaTa "Tipu | 
KaK Obuio noKa3aHo panee (°), mpoTeKaeT MO Ppa\MKaJIbHOMy MCXaHHSM¥ 
B 9TOM cayyae SKBUMOJIeKYIAPHAA CMe€Cb MOHOMCPOB oOpa3yeT COMOJUME} 

cofepKamuli MpuMepHO paBHble KOJIMYECTH 

KaoKoro -KoMmoHeHTa. M3yyeHue 93TOH map} 
MOHOMepOB CYLLCCTBeHHO elle H NOTOMY, ,44 
CTHpO, Kak M3BeCTHO, cmocobeH NOJIMMepust 
BaTbCd Kak M10 payuKaJIbHOMy, TaK M MO HOH 
HOMY MeXaHH3My. 

Hamu mpopoguiach MouMMepH3allua CTHpO 
WM S9KBUMOJIEKYJApHOH CMeCH CTHpOJla H MeTHY 
5 MeTaKpuslata B paCTBOpe B XJIOpHcTOM STH 
“0 ~60 40 20 0 ae (KoHWeHTpauua cTuposa 2,51 Mos/a; cyMMapHa 

aN ea KOHIUeHTpalua MoHOMepoB 4,03 mos/s1). Cocrg 
Puc. 2. 3apncumocrs cxopocru NOJYYeHHbIX COMOJMMepoB ONpeneJANCA MeTOLO 
NOJMMepH3alWnH CTHpoJla OT TeM- wAdpakpacuou CNe€KTPOCKONHH MO MOJIOCe C YacT¢ 

mepatypbl MovIMMepH3alHH toi 1725 cm}, xapakTepHoh gma CO-rpymm 
MovIMMeTHIMeTakpuviaTa. llowyyeHHbie pe3yJil 
TaTbI MIpHBeLeHbI B TAO. 2 WH Ha pH. 2. 

M3 janupix Tau. 2 cmeqyeT, YTO C NOHWKeHHeM TeMIepaTypbl NMOJMMe 
3a HaGvOLaeTcA CYILeCTBeHHOe YMeHbIUeHHe OTHOCHTeJIbHOTO KOJIMYeCTH 
MeETHJIMeTaKPHJIaTHOrO KOMMOHEHTA B CONOJIHMepe, YTO YKa3bIBAeT HA BO3PA 
CTaHHe JOM MOHHBIX peak B 9TOM 
mpouecce. B cBA3H C STHM MHTEPeCHO TO . 


ON 
aS 


Ckopocime 


NQMUMepuUzauuu —> 
Ss 


(| 


OOCTOATeIbCTBO, UTO MPH NOHMKeHHH Mon. oTHo} 
. ¥ T. nonumepu- |[fyOuHa nonu-| KOMMOHEHTOB | 

TeMMeparTypbl Dae? BOTS BES sayuu, °C |mepusaunn, % | _ COnOTHMEDET 

WHM cTHpola or +25 fo —/8° cKo- wer aaa 

pocTb nOMMepH3alluM BHauase YMeHb- 

maeTcd, a B JavIbHeHWIeM BO3pacTaeT DD toe 0,55 = 0%45 

(puc. 2). [Ipu stom cKopoctb mpouecca i ree: ae se 

pu Temnepatype —/78° npeBsmua - = ae od oie 

P PaTyP P evene adi 4.3 0.79 :0,24 


pocTb nowMMepH3alun mpu +25°. 

YBeIHYeHHE CKOPOCTH NOJHMepH3aluH CTHPOla pH MOHHKeHHH TemMeps 
TYPbI ECTECTBEHHO MOXKET ObITh CBA3ZAHO JIMUIb C OOPa3z0BaHHeM B CHCTeMe Lene 
HMOHHOM MpHpOsbI, IPHYeM AOJIA HOHHDIX U PaMKaJIbHbIX PeaKIMH 3aBUCHT OT TEN 
mepaTypbl peakiiwnH. Bo3MoxKHOCTh NpOTeKaHHA PawhalMOHHOH NoOMMMepH3allyi 
MPH HU3KUX TeMlepaTypax MO HOHHOMy (KapOOHHeBOMY) MexaHH3My OOyCJIOB/eHE 
M10-BH],MMOMY, BOSHHKHOBCHHEM B CHCTeMe YCJIOBHH, OarOMPMATCTBYIOWWNX VBE 
JIMYCHHIO NPOLOJOKHTEIbHOCTH 2%KH3HH HOHOB, OOpa3syIOUWINXCA MpH Bo3secTBU 
pauallMu Ha BelleCTBO. ITO OOCTOATEMbLCTBO HU ABJIACTCA ONPeMeMAIOUINM B OC 
pas0BaHuu B CHCTeMe ene HOHHOM mpupogzb. B HacTosulee BpeMaA HeT JOCTE 
TOYHBIX JAaHHbIX JWI JeTaIbHOrO pacCMOTpeHHA MexaHu3Ma OOpa3s0BaHHA HOF 
HBIX 1eneit. OTOT BOMPOC ABAeTCA MpeAMeTOM HalIMX JabHelMUX HCCMeLOBE 
BaHu. 

ApTopbl Bbipaxkaror OarofapHocTb akay. C. C. Meqpenesy 3a BHUMAHH 
kK paOote nu OOcy2xKeHHe pesybTAaTOB. 


HayuHo-necnenopatTebcKult Tloctynuso 
(pusuKO-XuMHYeCKUH MHCTHTYT 27 Kel ooe 
uM. JI. Sl, Kapmosa 
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XHMHYECKAAH TEXHOJIOTHA 
H. A. POJIBABEPY u B. MH. 3ATPAHMUHbIM 


NOJIYGEHHE MEJIAMMHA H3 JMIMAHIMVAMMA 
(ITpedcmasaeno axademuxom C. H. Boaodkoeusem 28 VIII 1958) 


_ B mocnequne rogqbl ObiIcTpO pasBuBaeTca UCMOb30BaHHe MeslamMuHa 
1(2,4,6-Tpuamuno-1,3,5-rpuasuHa) AvIAt noyueHuA macTM4ecKux Macc, KOTO- 
#PbIM CBOMCTBEHHBI BbICOKaA MeXaHHYeCKad MPOuHOCTh, Malad S/leKTPOMpoOBOL- 
(HOCTb, BOJO- HM TepMocTOHKocTb. Boubuloe 3HaveHve B CBA3H C 3THM MpHoOpe- 
yTaeT paspaOorKa sddeKTHBHbIX TeXHOJOTM4eCKUX METOAOB NOyYeHHA Med- 
aMuHa. 

| IIpuMeHsemble B HacTOsALee BPeEMA HPOMbILLeHHbIe MeTOLbI MOJITyYYeHHA Meu- 
}aMuna u3 AMWManAMaMujla no peakunu 3H yC,N,—> 2H,C3Ng xapakrepu3yloTca 
(mposeyeHuem mpolecca: a) 6e3 pac- 

| TBOPHTENA mpH apienuu fo 150 
sT/cm uM Temmepatype zo 300° (%); 
0) C IIPHMe€HeHHeM pacTBOpuTeeH — 
janucparuyeckux CNHpTOB H aMMMaKa 
fupu jaBmenuu 40 KI'/cm? u Temnepa- 
irype 180° (?,°); B) c mpumeHeHuem 
OKMKOrO aMMMaKa B KauecTBe pac- 
TBOPHTeIA TIA DuuMakduamuya mupu 
|aBenuu 50 kI'/cm” wu Temmepatype 
$225—230° (°). 

Bcem 3THM MeTOJ.aM CBOHCTBeHHBI 
/M@PHOMMYHOCTb WM MaJlad yileulbHaA Re 
/TIPOU3BOAUMTeIbHOCTh peaKITHOHHOTO 0 25 50 75 100 bec% 
hoObema. IlostToMy Hx MUCIOIb30Ba- MeQM UH ——»=— 

)HHe JIA KPyMHOTOHHAaKHOrO MpoOHs- 


BOJICTBa BcTpeywaeT Oombume 3aTpyy- Puce: J\varpamma (pas OBbIx paBHoBecHl By CH= 
creme MeaMHH — amnouak. Jlapaenne: J — 200, 


‘HeHHA. 
5 2—300, 3 —400, 4—500 xI/cm 
wy B teuennve 1955—1958 rr. Hamu aft 


Obl paspa6oTaH HeNpepbIBHbIM MeTOT 
MOJIYYeHUA MeIaMUHa, CYLLECTBO KOTOPOTO COCTOHT B TOM, 4TO pacTBOp AMUMaHTH- 
‘AMUJla B X%KAXKOM aMMuake Noy AaBseHueM Yo 150 KT /cm? Cc 6O/1bLIOH CKOPOCTbIO 
‘poKaymBaerca uepe3 MHTCHCHBHO OOOrpeBaeMbIH 3MeCBUK, TIOMeLCHHBIN B 
QleKTpHuecKyIo WM MWiamenuyio meub. [Ip stom mMpeBpalileHve AMWMaHAH- 
aMua B MOTOKe MapOB aMMMakKa 3aBepllaeTcA NpH TemmepatType 500—550°. 
@Ma30Bble PaBHOBeCHA B CHCTeMe MeJlIaMHH — aMMHaK BeCbMa cBoeoOpa3Hbl. 
Henasno VU. P. Kpusescxum u I. JI. Ecppemosoii (*) Opii0 moKasaHo, 4TO B 3TOH 
CHCTeMe CYULeCTBYIOT [Be OOslacTH Tpexda3sHoro paBHOBeCcHA TBEpAoe TEO — 
KUKOCTh —1a3, T. €. cucTema orHocutes K IJ Tummy, OcoOeHHOCTHIO KOTOpOrO 
ABUIAeTCH TepeceueHue B AByX TOUKAaX (Pu Q) KPHTHYCCKOM KPHBOH PaBHOBeCHA 
KUIKOCTb —Tlap C KPMBOM pacTBOpMMOCTH TBepforo Tea B AHAKOCTH. Ha 
fimarpamMe, mpuBezeHHol Ha puc. |, NoKasaHbl Be KpHTHNeCKHe TOUKM PaBHO- 
Becua xKulKocrh — nap (P (134°) u Q (245°)), B KOTOpbIX KPUTHUECKHE ABJICHHA 
HaOmlojaiorcs B IipucyTcrBuu TBeptoro Mesamuna. B oOmactax TpexcdasHoro 
paBHoBecuaA —Ha puc. | 9TH OONaCTH 3allITpHXOBaHbI — TOYKU mepeceyeHuA 
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W3OTepM C TOrpaHHYHEIMH KPHBbIMM OTBeuAaIOT cocTaBaM ey ae 
ra30Boli u 2KULKO (bas B IpHcCyTCTBUH TBepAOrO MeJaMHHa. Mexyy o ee ae 
Tpex(pa3HOro PaBHOBECHA JIeKUT o6macTb JByxda3sHoro pete me 
Topol NOKa3aHa paCTBOPMMOCTb TBepforo MejaMHHa B ra3006pa io 
pH pasmMUHbIxX WaBIeHHAX. BepxXHad KPUBaA, orpaHuunBarollad 


BblxX0G MENAMUHA 


6 10 12 44 kée/yae-a 
Ckopocimb mogayu ——= 


Puc. 2. Bprixo MemamHHa B 3aBHCHMOCTH’ OT! CKO- 

poctu nmofayn 50%-ro pacTBopa uilMaHaHaMusa B 

XKHJKOM,aMMHake. Temnepatypa 500—620", naBsjmeHHe 
; 6150 xI/cm? 


paTypHyto TpextpasHy10 OOacTh WM HaHeCeHHad IyHKTHPOM, MOCTPoeHa yCJIOBHO, 
TaK KaK IPH HH3KHX JaBJIeHHAX H BbICOKHX TeMMepaTypaxX Me/laMHH pa3- 


JlaraeTcs. - | 


Kak BugHO u3 puc. 1, pacCTBOPHMOCTb MeJIaMHHa B XKHKOM aMMHaKe NIpHi 
TemnepaTypax MeHbIUe uem 134°, a Takxe B rasooOpa3sHOM aMMMaKe Ip JaBwie- 
Y HuaX Mo 150 KI/cm? uw Temnepatypax 
Hy 134—3830° BecbMa HeBemuKa. IlosTomy 

B OOsacTH TemnepaTyp HwxKe 330° npr 

HarpeBaHHH MOcCTaTOUHO KOHIeHTPHpo- 

BaHHbIX PaCTBOPOB JMIMaHquaMuga B 

> 2KH]KOM @MMHake JOJOKHO HMeCTb MeCTO 

o6pa30BaHHe KPHCTaJJIOB MevlaMuHa Wy, 

0 Kak CJIeqCTBHe, 3a0HBaHue peaKIHOR+ 
HOrO 3MeeBHKa. 

Stu saTpyHeHUA, OHaKO, Kak 0+ 

Ka3saIu Halid HCCeOBaHHA, MOLyT 

i) ObITh CHATHI, CCIM HarpeB pacTBOopa M+ 

WHaHquaMuya B *XMAKOM aMMiuake Mpo- 

J00 550 600 C H3BOLHTb C TaKOH CKOpOCTbIO, U4TOOBI 
Puce. 3. Berxoq MemamMuHa B 3aBHCMMOCTH OT itera 7 ee ue 
TemnepatTypbl H WaBJICHHA pH NocrosHHoli JELCCT SOC Bip RENE 
ckopoctH nogaun 50%-ro pacrBopa quunan- TYPAaX Oonee BEICOKUX, ¥eM 330°, T. e. 
AWaMufa B MKHAKOM aMMHake. Jlapnenue: YTOOBI Me@JI@MHH NOyuaJICA B *KULKON 
1 — 150, 2— 120, 3 —90, 4—60 xI/cm?;  y g ra30BOH, HO HE B TBepow casax. 

RRQROFRR MHOMAAH td Oa l4 8 cen/nae: x Hamu uceneqoBaHo BIMAHHe OCHOB- 

HbIX NapaMeTpoB Mmpolecca: Temmepaty- 
Pb, HABMEHHA M CKOpOCcTH Nofauu 50%-ro pacTBopa AUMMaHAMaMuyla B %KULKOM 
aMMHaKe Ha BbIXOAMeaMHHa. CKOpOcTbh MoauM pacTBopa, oTHeceHHaad K 1 J 
PeaKUMOHHOTO OObema, Oblia BbIOpaHa B KauecTBe He3aBUCHMoro napametpe 
B CBASH C TEM, YTO B CIOMKHOM FeTepotbasHom npowecce HeMmpepbIBHOrO CHHTe3a 
MewaMuHa, KOra HeM3BECTHbI COCTaBbI H OObEMBI OTIC/IbHbIX ()a3 HW 3aKOHO- 
MCPHOCTH H3MeHCHHA (ba3OBbIxX COCTOAHHE no XOMy Mmpotlecca, onpeyesenne 
BPeMCHH NpeObIBaHHA pearupylOUMX BeIlecTR B PeaKIWMOHHOH 30He SABJIAeTCS 


ie Jlerxo, OMHAaAKO, BUeTb, 4TO IIpH MOCTOAHHbIX TeMnepatype ¥ 


Beix08 MENGMLHA —» 
8 
20" 8 > 
Bie MH 
> 


‘B(aBleHHM BpeMA MpeObiBaHuA M CKOPOCTH NoOJayu OOpaTHO npomopmMOHabHEI 
WMpyr apyry. 

_ Ha puc. 2 npuBesenbi WaHHble, U3 KOTOPbIX cefyer, YTO B HHTepBasle TeM- 
peparyp 500 —620° u ckopoctefi nogzauu pacrBopa 8—15 xr/uac-a npu NOCTOAH- 


| Ha puc. 3 BpIxoq MeamuHa npeywcTaBieH kak (PyHKUMA TemnMepaTypbl H WaB- 
H1@HHUA IIPH OTHOCHTeJbHO MNOCTOAHHOM CkKOpocTu mMogauu pactrBopa 12,0— 
44,8 xr/uac-na. IIpu gapnenun 150 xI/cm? renzeniua kK CHWKEHHIO BbIXOJa 
iMeIaMuHa C pocToM TeMnepaTypbl MpoABsIaeTcA ca6o. C moHMxKeHHeM JaBuIe- 
: MA YMeHbUIeHHe BEIXOJa C POCTOM TeMMepaTYyPbI CTaHOBUTCA Oomee 3aMeTHbIM. 
13 NpOAykTax peakiuu OOHapyxXuBaloTcaA TuWManHwMaMuy uw ryaHusquH — mpo- 
SM@KYTOUHBIM MPOAYKT MpeBpalleHuA WuWManHwMamMufa B MewlaMHH. 

| Borne 6pl0 y2xxe yKa3aHO, 4YTO OCyeCTBAeHHe ONMCaHHOrO Mpotecca cra- 
JHOBUTCA BO3MOXKHBIM TOJIbKO IPH OOOH CKOPOCTH HarpeBaHHaA pearupyloulnx 
jBeutectB Zo 500—550°. Sto oG6cTosTebCTBO, B CBOIO O4epelb, HHTeHCH*PHIIN- 
|PyeT mpolecc B TaKOH Mepe, 4TO NocmeqHNH HaYHHaeT MMMMTHPOBATbCA He 
|CKOPOCTbIO peak MpeBpallleHua AMUMaHuaMuya, HO CKOPOCTbIO NMOABOTA 
ireria. Ilostomy yeibHad NpOuSBOAUTeMbHOCTh PeaKUHOHHOTO OObeMA OKAaSbI- 
JBaeTCA B JeCATKH pas OovbWeH, YeEM B yKa3aHHbIX BbILWe MepHOAM4YeCKHX Me- 


Wrowax. 


TocyzapcTBeHHbI HaywHO-HCCMeqoBaTeMbCKHH Ilocrymus1o 
MpOeKTHBIM HHCTHTYT a3OTHOM MPOMbILIeHHOCTH 22 VII 1958 
r. [j3ep2xuucK 


WMTMPOBAHHAH JIMTEPATYPA 
See Gare sisseu wav O1ore | a Chemunine. Leche 26, .No. 5 300) (L904) un Mee yO> 


lo ver, Chem. Eng., 57, Ne 4, 132 (1950) ® Brit. Intell. Obj. Subcomm., Fim. Rep. Ne 1754, 
41946), *U.P. Kpuuescekunh, I. 0. Ebpemosa, (KPX (1959), B mevaru. 


637 


Jloxaann Akayemuu Hayk ccCcP 
1959. Tom 124, Ne 3 


XHMHYECKAA TEXHOJIOPHA 
B. B. POH4APOB u E. A. HPOKO®bEBA 


O ®A30BbIX H3MEHEHUAX XPOMUINMHEJIMAOB TPH HAIPEBAHHH 


(IIpedcmaeneno axademuxom A. B. Beaoeoim 27 IX 1958) 


B 1939 r., no-BHyMMOMY, BnepBble ObIIO yCTaHOBJIeHO, YTO pH HarpeBaHuy | 
XPOMHTOBBIX py, Ha 320—1000° B cpegze Boszyxa uM Kucmopofa FeO xpomummu- 
HEJIMJOB JIerKO, HO HeMOuHOCTbIO, OKUCAeTCA WO FezOs (*). B 1946 r. anrann- 
ckue apToppl (2), MAKPpOCKONMpyA B TOHKUX wWuIHNdax oOoxKeHHBIe pH 1200° | 
XPOMHTOBBbIe PyAbl, OOHAPy2KHJIN BO BCeX 3ePHaX XPOMILMMHEHLOB Hempospay- 
Hble BKO“eHHA. [lo MHEHHIO ABTOPOB, ITH BKJIIOUCHHA MOABHVJIMCb B pe3yJIbTaTe 
okuceHua FeO u BbiyeeHHaA TBEpPAbIX pacTBOpoB R,Os(Fe2Os, CreOs, AleOs). | 
IIpu o6xure mpu 1450°, a TakKxKe HarpeBaHHH B BOCCTaAHOBHTe/IbHOH cpeye 
BKJIOUCHHA 3aMeTHO ucuesaH. Bce 3TO NOMHOCTbIO H OHOSHAYHO NOATBeEPAU- 
JOCcb B peHTreHorpadbuyeckom uccsemoBaHuu Palita (%). 

B orauune or apropos paoor (2:3), JI. MW. Kapsxun u II. J. Uatuxon (**) 
HJeCHTHPULM POBAJIM HO MAKPOCKOMOM BbIeIeHHA B OOO*KKEHHEIX (4500—1700°) 
XPOMIUMMHeIHyax (43 CapaHOBCKOH HW KeMMMpcalicKOH py) KaK TeMaTHT H 
MarHeTHT. 

Muxpockonupys o6oxx*KeHHBIe (1400—1700°) cmecu xpomuInMHemMqOB Cc 
okucbIO 2»xeNTe3a (5 u 10%), 9TH aBTOpHI Halu ("), UTO: a) MpH HarpeBaHHu B 
OKHCJINTEIbHOH Cpewe OKHCb 2%Kesle3a MOJIHOCTbIO BXOQHT B BHAe TBepAoro pac- 
TBOpa B COCTaB XPOMUINHHeINOB, 6) B CJlyyae MeWWICHHOTO OxJaxKTeHHA H3- 
ObITOUHAA OKHCb 2%ele3a YaCTHYHO BbIeAeTCA B Bue MrOMO“eK TemaTHTAa, 
MepeXOAAMWMX 3aTeM B MarHETHT HM B) MPH 3akKaJiKe, a Tak>xKe OOKure Be 1700° 
He HaOwlogaeTca BbIeMeHHH CBOOOAHBIX OKHCJIOB *Kee3a. 

Bauy mpoTnBopeynBocTH HM HeOXKUNaHHOCTH HEKOTOPBIX JaHHbIX M0 (pa- 
3OBbIM MPeBPallleHHAM XPOMIUMMHEIHLOB MpH HarpeBaHHH MbI NpesMpHHAIM 
MONbITKY MOMOUWTH K pellieHHIO STOTO BONpoca Ha Oomee WIMPOKOH SKCNePHMeH- 
TaJIbHO-MeTOJM4eCKOH OCHOBe, YM 9TO HMeIO MeCTO paHee. 

XUMMYECKHH COCTAB XPOMUINMHEIHAOB, BbIACCHHBIX JIA PaOoTHI U3 capa- 


HOBCKOH WM KeMMMpCalickKOH XPOMUTOBHIX Py NyTeM OOpaboTKu NocmeqHUx 40% 
@TOPHCTOBOOpOAHOH KuCOTOH, mpuBeyzeH B Ta6n. 1. 


Tao naret 


XuMuUeCKHit CocTaB XpoMIINHHeMyOB (8B Mpomentax)* 


Xpomuinuvenuy | SiOz TiO. |iJAleO, | Cr,O3 Fe,O, | FeO CaO MgO MOIS aaes 59, Cymma 
Capanosckuii — | 0,59 | 19,87) 44,44) 1,64 | 21,89] 0,28 | 14, 46]Ypenuu. Becal100,17 
Kemuupcait- 

CKHH 0736 On 20a eo 61,05} H. #. | 12,50 OP Aa 0,48 400,54 


* Anaiutux M. E. Bopajayesa 
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Puc. 1. O6pasern C-0-14 (capanoBcKul xpom- 

ummuvHeIu 6e3 Bo6aBKH Fe2O3, o602%xeH- 

Hb mpH 1400°); oTpaxeHHblit cBeT; 225x. 
J — 3epHa xpomummuHHeIHga, 2 — nopbl 


Puc. 2. O6pasem C-35-16 (capaHopcKHit 
XPOMUINHHeIH, Cc Wo6aBKolt 35% Fe2Os, 
oOox%KKeHHbI = =ompH 1600°); orpaxeHHbIi 
cpeT; 225%. / —3epHa xpomuinuHenHya, 
2 — «urmoo6pa3sHble» BbIeleHia, 3 — mva- 
CTHHWATHIe BbIeeHHA, 4 — MOpbl 


Puc. 3. O6pasem C-35-17 (capaHoBcKHl 

XPOMUINMHHEIHA C MoOaBKol 35% Fe2O0s, 

o6oxKKeHHDIA =60mpH =61700°);  orpaxkeHHbIit 

cpeT; 225%. ]—3epHa XpOMIUMHHesHAa, 
2 — nop bl 


JIAH, tr. 124, No 3, Ponuapos u [Ipokodpcsa 


Puc. 4. O6pas3en, C-35-17 nocae oTKuUra IPH 

900°; orpaxenuplii cnet; 750. J — 3epHa 

XPOMUINHHenMMa C «Hrmo0Opa3HbIMH» BBI- 
JeneHHAMH, 2 — MOpbI 


*{VOCTAB INMXT, H3 KOTOPBIX IlpeccoBauIu oOpa3iibl nox AaBsenuem 1000 kKI/cm?, 
BeeH B TaOl. 2. OOpasub o6«Kuranun B KPHIITOJOBOH aJIeKTponeun rp 


(e) © o 
O—1700° c ofHoUacoBoli BbIAeCpKKOU B Cpefe aproHa Hu BOsAyXa; OXaKIe- 
>: — MejIeHHoe (BMecTe c meubIO) 


BICTpoe — 3aKkKaKa B Boye Heno- 
TACTBeEHHO NOcNe BbI,epKKH. 
Onpezenenua FeO uv Fe2Os, npu- CocTtaB WMXT jaa vM3roToBeHHA o6pasiloB 


ja Onaia 2 


HeHHbIe YacTuyHO B Ta6l. 3, nO- 2 BBOnSHTBE) 

Hau, UTO IPH MeJVICHHOM OxX#axK- XpoMununesuy 
RIMM KaK B cpeye BO3SyXa, Tak UH OGpasely Oxucb 
e pene aprova mpoucxoguT s3Haun- et eee eee 
‘bHOe OKucyIeHHe FeO, mpuyuem B 

)BOM CJlyuae OHO HHTeHCHBHeEe, 
41 BO BTOpoM. OxucuieHHe B cpefe C-0 100 — — 
OHA BBI3bIBaNOCb mOycocamn Bo3-  C-10 90 a 10 
#Xa, BBuyY HesocTaTOuHOH repme- ren. eS 400 = 
}IHOCTH Teun. K-10 =e 90 10 
Iloq MukpockonoM B nomMpoBaH- K-35 =! 65 BD 


X wvm@ax Bce OOpasilbl cOxKeHEE }=-—————— 
MbKO 3epHaMH XpOMUINMHeIHZAa, * Okucb 2KeNIe3a MAPK 4. J. a. 

TOpble B CIyYae PxAa OG*KUTOB C 

| 1eHHbIM OXJaKCHHEM HEOMHOPOAHHI: B HAX HaGwIOLalOTCA «HrMOOOpasHBle», 
}aCTHHUaTHIe H H3SOMETPHUHBIe BbI-eeHUA C Ooee BbEICOKOM OTPaxkaTesbHOli 
ocoOHocThi0o. «Mrmoo6pasHbie» BbIeIeHHA pacnomaraioTcAd B3aHMHO Ma- 
| AJICIbHO WIH mNepeceKatotca (cm. puc. | u 2). 


Ta6Omuna 3 


CoyepaHue FeO u Fe,O3 B o6pasax Oo H Nocue oOxKura (B mMpomeHTax)* 


Jlo o6xKura Tlocme o6Kura 

a mpu 1500° mpu 1600° mpu 1700° 
® Cpena o6xura | Oxmaxmenne 

& BoD WO? | ee | Pes FeO uk bem: Feu Bec 
'gQ 

0) Aprou Mensenpoe (21,85 | 1,64 | 4,36 [20,27 | 4,53 |20,08 | 9,72 | 14,31 
0 Bosyzyx SakauiKa ZA cbr | O45. Os He Oo. id; 8o) (eisai FAO 
‘30 | Bo3ayx Meamennoe 14,24 136,06 | 3,63 |46,65 | 3,39 |45,14 |x. o. | H. o. 
30 | Aprou Mennennoe [14,24 |36,06 | 9,06 |40,22 | 4,12 |46,36 | 7,03 | 42,00 
‘30 | Bo3sayx SakasiKa 44°24 |36,06 |18-32 131,99 |18,19 |30,42 |47,40 |) 31,19 
-0 Bosazyx MennenHoe |12,50 jw. H. | 4,59 |10,28 Jn. 0. JH. o. | 5,61 | 8,65 
-0 Aprou MennenHoe (12,50 jn. H. | 7,40 | 5,66 | 6,34 | 6,87 |10,92 | 1,75 
-0 Bosayx Sakavika AD) OO Hast (LI SO gle 20 WH. 10. |= On| 9290) Pe on04 
-35 | Boszyx MeynenHoe Silt |Shpealal |i ohh AD Tris ist, Ws. lho TOL. || Wo De 
-35 ees MeyvienHoe 8,11 [35,41 | 4,18 |38,16 | 3,27 [40,03 | 8,49 | 33,28 
-35 | Bosnyx SakaKa 8,441 {35,11 |16,83 [25,70 |x. o. |n. 0. [18,84 | 23,94 


* Ananutuk M. E. Bopagauesa. 


B wenoM KouMuecTBO BbI,eIeHHi MeHseTca oT 2—3 fo 35—40 o6bemH. % 
B OOpasilax C ux Oosbuie, 4eM B OOpasilax K. ’ 

B o6pasiax C-0, C-10 u C-35, 060% %KeHHBIX IPH 1400°, BpiqeeHHa OTCYT- 
rBYIOT HJM OYCHb pegxKu, a mpu 1500 u 1600" ux KomuuecTBO Bospactaer. B ana- 
oruuHBIx oOpa3uax K pBbienenua dbuxcupyrorca mpu 1400 u 1500". Tlocae 
Sxurosp Ha 1700°, HesaBucHMO OT yCJIOBHH UX poBewenUA, BHIeNeHH HCue- 
410T. OJHaKO Moce YeTHIPeXUaCOBOrO OTAKUTa IPH 900° o6pa3ua C-35, panHee 
6oxKeHHOrO mipu 1700°, B HeM nosBAAeTCA OOMbINOe KOJIMYECTBO XapakTep- 
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HBIX BbIJeteHui (cM. puc. 3 u 4). Orxur urpaeT B WaHHOM CJIy4ae POb MOCTaT 
HO Me@WIeCHHOrO OXJIaxKeHHA. ; 
BplleieHHa OTCYTCTBYIOT TaKKe BO BCeX OOPasllax Mocwe OO2XKHTOB C 3aKa 
Koll. ERWHMUHbIC HCKIIOUCHHA U3 TOM 3AKOHOMePHOCTH (C-10, K-10 u K-3 
obomx«xeHHEIe mpu 1400°) oObaAcHaIoTcH MetekTaMH 3aKaJIKH. 
Heo6Oxogumo moxuepKHyTb, 4TO yKa3aHHbie BbILMe BbIMeIeCHHA (bukcupyior 
B oOpasiax K-O, 060% xeHHEIx npn 700, 900, 1200 u 1300 B BO3AYIUIHOH cpe; 
KaK C MeJWICHHbIM OXJIaxKJIeHHeM, TaK HM C 3aKaJIKOH. 
Ha pentrenorpaMMax O60x%KeHHBIX OOpasloB OblH oOHapyXKeHb! JIMHY 
XPOMIUINHHeIMa HU ycTaHoBeHHOH Palitom a3bl ReOs, KOTOPaA BILE AeTC 
B eFO 3epHax M MpelcraBser TRepgble pacTBopEl FesOs, CreOs x AlzOs (c 
TaOm. 4). 
Ta6auna 4 


PentreHomerpHueckHe faHHBIe Aint asbt R2O3 B OOOX%KKEHHBIX OOpasllax 


CnHutesHpoBaHHbikt 
O6oxkKeHHbIe OOPasibl Fe,0,;* Cr,0,* Al,O,* TBeEpAbIN pacTBOpP co 
NeNe var oe: ai aie 4 Tana Fe2,O3;-2Cr0, 


JHB 


I d, A I d, A Tay Hee | aheyN I 
4 4 | 3,66—3,67 2 | 3,68 Supa bars eae 4 | 3,48 2 
2 {—4 | 2,66—2,69 10 2,69 7 2,67 D ZO 10 2,699 | 
3 Al 2,19—2, 20 vy 2 a8) 3 TAAL | 8 2,08 6 2), 19 me | 
4 1—2 | 1,82—1,86 6 1,84 i) fest 4 ee: 5 1,83 
3) { —2 |1,474—1, 481 5) 1,485 6 1,465 4 1,404 7 1,476 
Gime e484 4 228) <5) £459) 5 14 482)0 25 pd SeOla ee 1,443 


Suauenua J wu d gpua Fe,O3, CrgO03 u AleO3 3au4mMcTBOBaHEI H3 paOorTEr (°). 


Kak W3BeCTHO, BeEIH4MHA Ay WINHHeMOB BO3pacTaeT C YBeHYeCHHeEM B HU. 
cojepkaHua FeO (MarHeTuTa) H YMeHblllaeTCH C pacTBOpeHHeM MOJyTOPHbI 
OKUCIOB. CreqoBaTeIbHO, MpH OTCYTCTBHH B OOpasilax cba3bl ReOs u u36bITK 
NOJLYTOPHBIX OKHCIOB (mpoTHB RO: ReOs = 1) Hao okuaTb YMeHbILeHU! 
Qo. C pyro cTopousl, BbiqemeHue dba3bl R2O3 He HCKsIOUaeT BOSMOXKHOCTH aC 
THUHOFO PaCTBOPeHHA NOJIYTOPHbIX OKHCJIOB UWIMNHHeIHOM, TO, pasymeeTcs 
OJOKHO CKa3aTbCH WH Ha 3HaYeHHH dy. Ha ocHOBaHWM aHHbIxX TaO. 5 MOXKH 


Ta6aunya 5 


Bewmunna a), KouMuecTBO JHMHHH bast R2O3 u cofxepxKanne FeO B o6pasmax, 0602K2KeHHBI 
WM Me/JICHHO OXJIaxKCHHBIX B cpeze aproua 


pf Crippie 4400° 1500° 1600° 4700° 
S a 6 8 a 6 | 8 a 6 | ( a 6 6 a 6 | 6 
l 

C-0 [8,29] — | 21,89)8,23) — | 6,09) 8,25] 2 | 4,36 |8,241 1 |4,5318,24/ — | 9,7 
C40 | — | — |19,67/8,26) — | 44,44 
C-35 | — | — | 14,24 /8,30] 3 | 16,441 8,29 | 6 | 9,06 |8,27] 6 |4,4218,25| — |~ 7,0: 
K-0 {8,29} — |12,50|8,28] 4] 4,95] 8,29] 1 | 7,40 8/29] 4 |6°3118’30| — | 10.9 
K-10 — |11'24|8'281 3| 4'58 
K-89. 9)] = |B; 14 [8,28] « 3] 3,25] 8,285) Beye sc iepasie=. 13.9718; 205 ane 


IIpumMeuvaune. a—ag; 6 —konnuectBo AHHH tbastt R2O3; 6 — cogepoKanue FeO. 


OTMCTHTb, YTO 9Ta 38aBMCHMOCTb B OOULEM XOpomO BbIpawkeHa Ha OOpas3zilax C 
lia o6pasnon K ay MeHACTCH, KaK NpaBHJIO, B Mpeweiax OWmMOoK u3MepeHut 
4TO CletyeT OObACHUTb B KOHEYUHOM cueTe CPaBHHTeJIbHO HEBbICOKHM CosepxKa 
HHeM FeO B KEMIIMpCaHCKOM XPOMUINMHeIHe. 

640 


Kak BHHO M3 TpesbIymero, basa R2Os B O6oxKKCHHBIX pu 1400—1600° 
1 MCJWICHHO OXJIAKCHHbIX XPOMUINMHeIMaxX HW UX CMeCHX C OKHCBIO xKeNe3a 
OUMKHA PaCCMAaTPHBaTbCA KaK BTOPHUHOe, BbISBAHHOe OKHCeHHEM HOBOOOpa- 
BOBaHHe, B OTMGHe OT NepBUYHON (asbl, NOABAATOUelicaA Np HarpeBanun TO 
1400° (1385°— Trouxa nepexoya FeoO3 B FesOu na BO3yxXe IIpu aTmMocdepHoM 
Hapnennn (*)). Jro o6cToATebCTBO CO BCeMH BbITeKAaIOULUMH H3 Hero CIECTBUA- 
MH He NPHHHMaOCb BO BHUMaHHe B WHTHPOBAHHBIX BbIWe paborax. 
TlouyuenHble 3fecb JaHHbIe NOSBOMAIOT MpeANOKUTh cweLyIOULy10 mpeqBa- 
DUTeIBHYIO CX€MY KaUeCTBCHHBIX (pasOBbIX IpeBpallleHni XpPOMIINMHeTHAOB 
IpH HarpeBaHHu B OKUHCJINTeIbHOM cpere: 


Xpomiunn- 700—1800° Xpomumuue- 1400—1600° Trepaniti Xpomumnnu- 
HEH = HZ, O6ora- es pacTBop HEH, 
U,CHHDIH XpOMIUNHHe- A npHoOnMxKa- 
MgO, + casa SSS muna c RO; 1700 OULHTiCA 
R2O, MeJeHHoe (IpH HagHaHH SSS ES K RO-R,O, 
.  OXsaKye- H3s6nITKa R2O, ee S| 
HHe NpOTuB 
RO-R,O,) 


i 


STO CXeMa OCTAeTCH Tak2Ke CNpaBeAIMBON [JIA CMeKOB XPOMIUNMHEMAOB Cc 
PKHCbIO *ese3a (M0 35%) B HHTepBasie 1400—1700°. 
B pa6ore mpunumasm yuactne C. IT. Wmutt-Porenesuy u T. 0. Menpunxopa. 


Jleunurpayckuit MHCTHTYT Toctynmu.10 
orHeynopos 27 IX 1958 


HMTHPOBAHHAA JIMTEPATYPA 
LC ae GO mLOND ILS ka yeue int 1 @nale sain) Ber Dellisch kerala Gessr2O Wid, s07 (i989). 
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O 3anaz 1223 


Jloxxayne Akayemun Hayk Gace 
1959. Tom 124, Ne 3 


XHMHYECKAA TEXHOJOIH} 


B. E. MJIOUJEB 


O B3SAMVMOJEMCTBHH CNOAYMEHA C CYJIB®ATAMM HIEJIONHBIX | 
METAJIJIOB 


(IIpedcmaeaeno axademuxom H. B. Taxanaesoim 22 IX 1958) 


Bo3MOxKHOCTh PagOrKeHHs! MMHEPaJOB JIMTHA COJIAMM ILeJIOUHIX MeTaJ 
NOB Oblla yCTaHOBJeHa B pesysIbTaTe MHHepaJIOrMYeCKNX UCCeOBaHHH ely 
B 80-x rogax mpomoro cToueTHa. OMHAKO BaxKHOCTb 9THX HCCIeEAOBAHHH J) 
TEXHOJIOPHUCCKUX MWemeli He Oblula CBOeEBPeMeHHO OCO3HAaHAa. TObKO Oovlee WBA) 
WaTu JleT CMYCTA ObIIO MpeAWOXKEHO CMeKAHHE JINTHEBLIX MHHePaJIOB C COJIAM 
ULCJIOUHBIX MeTAJIJIOB C IeIbIO MepeBOfa JIMTHA B PacTBOpHMyto (opmy c MC 
cuIeYIOULMM MOJIyueHHeM TeX HJIM HHbIX ero coequHeHHH. [Ip 9TOM BBIACHY 
NOCb, YTO JYYWIME PesybTATbI MOCTHTAaIOTCA PH NPHMEHEHHH CyJIbPaTos Leo 
HBIX M€TAaJIJIOB. | 

Oco60e 3Ha¥eHHe MpHoOpelo cneKaHHe JIMTHEBbIX MHHepasOB c K2SO] 
TaK KaK ObIIO YCTaHOBJICHO, UTO BCe JIHTHEBbIC MHHEPaJIbl BSAMMOJENCTBYIOT | 
KeSO4 npn tTemmepatype go 1500° (B 3aBHcHMocTH OT MpHpObI MuHepasa 
mpuyem oOpas3yetca LizSO4, merkO H3BuJIeKaeMbIH H3 CNe€KOB BOJOH. 

Tlepepa6Oorke JIMTHEBLIX MHHepasiOB cieKaHHeM Cc KeSO4 Oblwio NocBALer 
OFpOMHOe KOMHYeECTBO PaOOT H MaTeHTOB; OJHAKO OCOOe€HHO MHOFO HCCeEMOBAaHH! 
6bIIO BbINOHEHO WIA JeNHAOIMTa HU BaxKHelwero MHHepasia JHTHA — cNOLy 
mena, LieO -AleOs -4SiOe, uan LiAl[SieO.]. 

Peakilusl MexKyLy CNOMyMeHOM H KeSO4a npotekaeT NOTH KOJINUCCTBEHHO, 
MHOrHe HCCJIe€AOBaTeJIM BbICKAa3bIBaJIH MHeHHe, YTO OHA NMpescTaBsAeT co6o0 
OOMeHHOe pa3sOx%KeHHe, B pesyJbTaTe KOTOPoro OOpasyetca selinuT, Kel 
-AleOs-4SiOz, nam KAI[Si,0O,]. Onnaxko sTo MHeHHeE He 6bIIO noyKpenvet 
KaKUMH-JIMOO HCCJIeOBAHHAMH HW JOKa3aTeJIbCTBAMH WH MIPHHHMAJIOCb KaK BeCb 
yoOHoe, Tem Oosee, YTO HMeeTCH BHELWIHAA MHHePaslornyueckand aHaOrHs (Po} 
MyJI COJyMeHa H sleHtuTa. K Tomy Ke peak cneKaHHs cmofxyMeHa c K2SO 
CyQA M0 JIMTepaTyPHBIM JaHHbmM (*‘), NPOXOANMa BUOHE YOBJIETBOPHTeIbH 
HM HaCTOATebHOH HeEOOXOAMMOCTH BYTOUHEHHH MeXaHH3Ma PeakKIHH He ObWl! 

Mexny TeM ACHO, UTO y2xKe OHO MpeqMonoKenne 06 oOpasoBaHun sei) 
M3 CMOAYMeHa HaXOMHTCA B MPOTHBOpeunH CO cTapbIMH MpescTaBseHHAMH ¢ 
oOMeHe HOHAMH B Mpomecce B8aNMonelicTBHA cnofymMeHa c KeSOa, noqo6H 
TOMY, KOTOPbIH HMCCT MeCTO B Me€PMYTHTHOM MeTOJe OUHCTKH BOsbI. CopepuleH 
OYCBHAHO, UTO y2Ke B CHJY Pe3KOO Pa3/INYHA B BeEMUMHE HOHHBIX paluycc 
autust (0,78 A) u Kaus (1,33A ) u Heo6xo_uMmocTH MIpOBeXeHHA mpolecea np 
BBICOKUX TemMMepaTypax MOQOOHbIE aHaNOrHH HeIb3A MPpUSHaTb yayHBIMM. | 

Bs3anmojelicraue Mexyy cnoxymMenom u NasSOu H3y¥alOCb TakxKe Cc UHC 
TEXHOJIOPMYCCKOH WeJIbIO, B CTPeMJICHHM 3aMeHUTh K2SQ, (nomHocTbIO HIM Yai 
THYHO) Ha NagSOa, 4¥To Morso Obl yReuleBHTS mpotecc. OHAaKO HECMOTps Ha T! 
NTO HMEIOTCH ykKasaHnA (*) O MPHHIHMMaNbHOH BO3MOxKHOCTH 3amMeHEI KSC 
Ha NazSOa, flaxke uacruuHad 3aMeHa ojHoro pearenta Ha Apyrod B npaKTHE 
PaSMYHBIX MPOWSBOACTB ceOst COBEPLICHHO He onpaByaua. 

Ha IPHHHY Heyay 3amMeHbl KeSOa Ha NazSOa HecKOMbKO MpOuIMBaeT CB 
padota ©. C. Bypxcepa u A. I. Pytmana (°), B KoTOpoli aBTopbl cyenann 0 


MbITKY H3Y4HTb Mpomece cneKaHHn CHOyMeHa C CyIbdaTaMH ULeIOUHbIX MeTAa 
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B. CneKaHne ocyulecTBuIAIOCh pH TemnepaTypax HecKOIbKO 6omee HU3KHX, 
)M TemMnepatypa MWaBeHHA COOTBETCTBYIOWLUX CyJbaToB, a KOMYeCTBO M0- 
}eQHUX B peakIMM CO COyMeHOM cooTBeTcTBOBaIO 10% u36bITKy TO OTHOUIe- 
10 K HeOOxoquMOMy MO peaKuHn: 


Li,O-Al,03-4SiO2 + MesSOxu == LisSO, + MesO- AlsO3-4SiOg, (1) 


Bbiul0 yCTaHOBJIeHO, 4TO C yBeHUeHHeM aTOMHOFO BecCa KaTHOHA cybcata 
/€rO HOHHOPO pasuyca BosfelicTBue cybPaTOB Ha CMOMyMeH yBeMUMBaeTca; 
fa2SOa, TakuM O6pa30M, OKa3biBaeTCA HanMeHee abeKTHBHbIM peareHnTom. 
ABTOPbIl HCCJIeOBaHHA CKJIOHHbI ObIH PaCcCMaTPHBaTb peaKINIO B3aHMO- 
PHCTBUA CMOAyMeHa C CysbpaTaMu Cc yYeTOM JMUib 3aKOHAa JelicTBYIONLNX Macc 
He H3y4HJIM NpHpOdy TBepAbIX c:ha3 — NpOLyYKTOB STOTO B3anMOsEliCTBUA. 
YUNTHIBAN, YTO METOA NOJYYeHNA COeAMHeHUM MHTMA, OCHOBAHHBIII Ha cne- 
HHH cnosyMeHa c K2SOa, B TEXHOJOrMYeCKOM OTHOWIEHHM ABAAeTCH HanOomee 
‘BOCHHBIM, COXpaHsxeT JO HacTosllero BpemeHH cBoe 3HayeHHe (°) u OOmanaeT 
140M MIpevMyllecTB nepex APyruMu MeTOMaMM HM MOTEHILMaIbHBIMH BO3MO%K- 
PCTAMH JIA abHelimiero ycoBeplueHCTBOBAHUA, MbI Mpespunasu rmepBoHa- 
WIbHO MCCJIeOBaHHe peak B3aHMOJelicTBHA CHOAYMeHa Mp BbICOKHX 
Mulepatypax uMeHHO c Ke2SOa. 

| IlpeqBaputTesbHoe n3yueHNe peaKWHH B3aNMOEHCTBUA MexKy B-cnOyMeHOM 
} KeSO4 B o6nactu 700—1100° npu pasnuuHpix cooTHOmeHuAX KOMMOHCHTOB 
)Ka3a0, YTO OOpasoBanue LizSO4 HaunHaetca yxKe mpn 700° u nporekaer 
HTBEPNOH case; muwb Bie 1100° aBeHMe CHeKaHHA YaCTHIL WUXTHI ycrynaerT 
2cTO Mpolleccy cmviaBsIeHHA, CNOCOOHOMY MpHBeCTH K YMeHbINeHHIO Mepexoya 
{THA B pacTBopumyto da3sy. Hapsayy c mmTueM mpu cnekaHuu $-cnoxymMeHa 
‘KeSO, B pactBopumyto (bopmy mepexoguT u HaTpuli (B Bue NaeSOu.). 

IIpu 9TOM HamM ObIIO ycTaHOBIeHO, YTO APKO BbIPaxKeHHaA CMOCOOHOCTh 
icnOyMeHa BCTYNaTb Mp BbICOKHX TeMMepaTypax B PeakILHIO C PasJINUHBIMU 
WIAMH HE COMPOBOXKMaeTca TeHeHWHeli K pacnayy MuHepaia Ha PA cas c 
DJIYYeEHHeEM PaCTBOPHMBIX aJIIOMHHATOB WM CHMKaTOB. Takum oOpa3om, 8- 
NOAYMeCH OKa3bIBaeTCA YNOOHbIM UCXOZHbIM MaTepHaJIOM JIA PAa BbICOKOTeM- 
2paTYPHbIX CHHTe3OB. - 

Ilostomy B JaibHeluem mo O6mleH MeTONKe ObWIO H3yYeHO B3aMMOeHCTBUE 
IOAYMeHa C APyrHMu CyJIbc:aTaMH WeJIOUHbIX MeTAJIJIOB. 

OcHOBHas YacTb paOoTbI BEINOMHEHA Ha TEPMUYECKH OOOrallleHHOM CIOyMeHe 

-cmoyymene) coctaBa: Li20 5,44, NasO 3,20, AlsOs 28,33, SiOz 62,60 u CaO 
11 sec.%; KeO ner; norepu np npokanuBanun 0,20 (© = 99,86). Crenenb 
3MeJIbYCHHA Oba TakoBa, uTO 90% uaCTHIL MHHepasa MpOxoHIO Yepe3 CHTO 
50 meu. 
Uccenopanne peakinu B3auMojelicTBuA Mex Ly B-cnOyMeHOM H CyJIbpaTamu 
‘CJIOUHBIX METAJJIOB MPOBORMOCh Mp pasJIMUHbIX COOTHOWCHHAX KOMMOHEH- 
OB, MepeMeHHO! MpOMOJMKUTEbHOCTH CNeKAHHA M B WIHPOKOM JlMala3OHe TeM- 
2patyp. 

Bo sBceex onbirax CNOAYMeH TULaTeJIbHO CMCIWMBAaJICH C PaCCUMTAHHBIM KOJIH- 
2cTBOM uMCcTOrO cysbtpata (Me,SO.), H 3aTeM TOTOBasA WHXTAa MepeHOCHAaCh B 
OPYHAMSOBbIe THTebKH, B KOTOPbIX H BHOCHJIaCb B My@eJIbHyl0 Teub, Harpe- 
yiO Jo 3ajlaHHoli TemnepatypHl. Ilo oKOHYAaHMH ONbITOB COXepxKUMOe THIVIEH 
HOFOKpaTHO OOpaGaTHIBaOCh BOOM MOA MeXaHH4eCKOH MelWaIKOW AIA ya- 


2-- 
eHAA BCeX paCTBOpHMBIX Comeli (KOHTpOb — mo noHy SO; )- PactBopbl ia 
OHO OOpa6oTKH cneKOB BO BCex culyyanx cofepxaH JIMTHH, es ui 
Jojlymena), a TakxKe TOT 3JIeEMeHT, CyJIbcpaT KOTOPOTO Obl/1 B3AT B USOBITKE Ha 


eCaKUHtO: 


i] 


IL i [AISigO¢] + MezSOg + Qyan = 2Me [AISinOe] + LizSOa, (2) 


ie Me = Na, K, Rb uau Cs. Hite 
Anaiv3 Ha rpucyTcTBHe B pacTBOpaX aJIIOMHHNA Hi Lantos ee 
aJl OTPHUaTeIbHbI pesyJbTaT B CyYaAX CMekaHHA CMOyMeHa C K20U4, 


‘beSO1 nu CseSOa, HO He NaeSOa. 
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OctaBuineca mociie BOLHOM OOpaOoTKH CHeKOB HepaCTBOPHMbIe OCTATKH Bb i 
CYLIMBaMCb, MpOKaJIMBaNuCh H MOMBepraiMcb CHAMKATHOMY at a — cH 
TePMHYeCKOMY, OMTHYeCKOMY Hi peHTredoasHOMy HCCJeOBaHHt0. per) T | 
re 93TOrO HCCeMOBAaHUA OblwIO yCTaHOBsJeHO, 4YTO peakItHA (2) HOCHT O ue 
xapakTep Ji B3anMofelicrBuA B-cnoqyMeHa C cyappatamn neo 
JIOB, MMeIOWLUX TeMMepaTypy MWwaBJIeHHA BBILIe 1000 : K2SOa (1069"), 2SO| 
(1074°) a Cs2SOs (1019°). IIpu stom B3saumMojencTBuH B OTCYTCTBHE pacman 
odpasyrorea LizSOa (c mpuMecbio Apyrux cymbcaToB) H OHA HepacTBOpuma | 
(haga —- asOMOCMJIMKaT TOPO WIM MHOFO LileOUHOTO MeTaJINa. Cunresup ona 
Hamu mo peakuuu (2) aOMOCHIMKaTbI UeHTHPMUMPOBAHE! Kak JCMUMT, all 
MOCHIMKaT pyOuwua (He HalieHHbI B mpupose pyOuqueBbli aHasor JleMuATa 
Mu nowtyuutT (cm. Ta67. 1). : 


TaOnuu ame 


JlaHnpie Mo HACHTHpUKALNH aTIOMOCHINKATOB KaJIHA, pYOUAHA H {e3HA, MO/yYeHHBIX CHHTE 
30M Ha OcHOBe B-cnoyyMeHa 


Tlpoctetituas copmysa |Paccuntano zm} Hatigeno gua |Cpequni noka-| OOacTb H XapakTep TepMH 
amIomMocHaUKaTa Me [A1Si.0,], %| Me[AISi,0,], %|3aTe1b npesom-| uecKoro ssdekta Ha KpHBOli 
sieHua n’ HarpeBaHHA 


KfAISigOg] (teu) K,0 21,59 | Keg 21,40 619 — 640° 
: Al,O3 23,36) Al,O3 23,51/41,508-+-0,003/Suq0Tepmuyeckul,  o6pa 
SiOss Von OOm LOL Osmmonaday THMbIM 
| Rh,O 35,33}Rb,O0 35,18], 1055 — 1068° 
Rb [AISi:06] AlsOs 1927) AloOs 19.39 1,526.0, 003 IK30TepMuyecKHH, HeoOpe 
(amiomocummKat pyOn- | SiO. 45,40 | SiO, 45,49 THMbIM 
qua) 
Cs [AISi,0¢] (monmny- |Cs2.0 438,72 }Cs,0 43,60 TlomumMopdu3M OTCyTCTBS 
UT) Al,O3 16,77) AlO3 16,90/4,5444+-0,003) er 


SiO, . 39,01.) SiO, 39,63 


-.Pentrenotpa30BbIM aHaJIM30M OOpa3s0BaHHe HOBbIX AJIIOMOCHJIMKaTOB B He} 
pacTBOPHMBIX OCTaTKaX OOHAPYKUBAeTCA Y2KE B ONbITAX, MPOBeAeCHHHIX mpH 9DO 
950°, OfHAaKO Aisi MOJIHOTO 3aBePUIeHHA peakuuH (AIA NOJYUeHHA BHOMHE OHO] 
(PasHbIX OCTATKOB) JIYUIMe IPOBOAUTb peakUHIO pu Gowlee BbICOKOM TemmepaTyp¢ 
WM. ApH MpPpHMeHeHHH H3ObITKOB CyJb(aTOB WLeIOUHbIX MeTAaJIVJIOB. 

. AmoMocHIMKaTbl, HEKOTOPble XapakKTePHCTHKH KOTOPBIX aHbI B Ta6m. | 
CHeWMaIbHO MOJIYYeHbI B TaKHX YCJIOBHUSAX, B KOTOPbIX OplwIo OGecneyeHO TOW} 
Hoe NpeBpauledue B-cnoqyMena B Apyrue aiOoMocu/uKatTp! (remnepatypa 1000° 
COOTHOMeHHe MerkKAy B-cnoqyMeHomM HW Me2SO. pasuo | : | no Becy, ¥To 3Ha4uH 
T€JIbHO MpeBbILaeT TeopeTuyecKH HeOOXOAUMOe Ha peakituto (2) KOmMUeCTBC 
MeeSOa). . | 

Muaue mporekaer peakuust MexKAy $-cmoxyMeHom u Na2SOu. TepponauasbHd 
HeE3HAYMTeIbHOe 3aMellkeHHe JINTHA B CMOAYMeHe HaTpHeM 3aMeTHO ycusmMBaeTe 
HaunHad c 900° 3a cuer nosBaedua pacnapa (NasSOu naaButca mpu 884°) 
Oguako, HacTynaiomlad 3aTeM AMUKBalluA pacnaBmeHHoro NaSQu, cniaBieHn 
WacTHL MUHepasia B KaMHeOOpasHylo Maccy HM pacTBOpeHHe B pacmaBe NaoSO. 
emoqyMcHa Kak TaKOBOorO C OOpa3s0BaHHeM CNOyMeHOBOrO cTeKJIa,— BCe 3TY 
ABMCHHA MPUBOAAT K 3aMeACHHIO CKOPOCTH H, HaKOHell, K MpeKpallleHHlo peak: 
Wun. ITO mpeyonpexeaner Henpuroguocts NaeSOu x CAMOCTOATEJIBHOMY HCMOJIb: 
30BaHMIO AA ModyueHHA Li2zSOa ua cmoymena. 

SameruM, WTO HCHOb30BaHNe emMecelt KeSOa nu NaeSOa, a Take peTypHbD 
Cole, OOpasytoulAXCA B MPOuUSBOACTBEHHOM TIpomecce NOJYYeHHA COeAMHEHHI 
HATHA M MTPeRCTABIAIOULUX COOOH HH3KOMMABKHE CMeCH, MOXKET ObITh LOMyCTH 
644 


aM B O4€Hb OrpaHHeHHOM MaculTaGe. Ho OHO He MoxKeT, KOHeUHO, HY yuyu- 
HTb YCJOBHA BCKPbITHA CHOMYMeHa, HM MOBICHTH MepeXO AUTHA B pacTBO- 
famyto cdbopmy. Bexpsitue cnogymena KeSOa pcerya atbeKTHBHee BCKPbITHA 
OObIMH CMECSIMM, COJePKAaLMH KOMMOHEHT C 3aMeTHO Gomee HUB3KO Temme- 
WaTypoh nmuiaBienus, vem KeSOa. 

4 B 3akmouenne cleqyeT ykKa3aTb, uTO OOpa3z0BaHue Li2SQOu un HepacTBOPMMbIX 
(mOMOCHJINKaTOB MmpoTekaeT Takx%Ke H MPM BsanMoOelicTBuH Cc cysmEaTaMu 
NOYHBIX METAJJIOB NPHPOMHOTO CnoAyMeHa («-MOJMpuKAalNA), YTO OBIIO ycTa- 
OBI€HO CH€UMaJIbHbIMM ONbITaMH. OAHAKO MexaHH3M Mpowecca B LaHHOM culy- 
ae TaKOB, YTO B8aMMOselicTBHe %-cnonymMeHa c MeeSOu mporeKaer uepe3 mpome- 
‘yTOUHY!O CTafuio MpeBpallleHuA a- B B-MomM*uKalMIo, U3yYeHHy panee (1°). 
| Bo3sMoxkHocTh NouyyeHuA coequHeHUli JIMTHA US cnoyMeHa B mpotecce 
jrekanua ero MPHPOAHOK «-MOAN@uKalMM C KeSOa, KaK M3BECTHO, C ycrexom 
CHObSOBANACb B MPOMBILIJICHHOCTH. OTA BOSMOXHOCTh BECbMa CYILCCTBEHHA 
jas TEXHOJOPHH COCMHHEHUH JIMNTHA, TaK KaK OHA NpusaeT cybdaTHOMy npo- 
JecCy YHHBepCcaJIbHbIi XapakTep, NOCKOJbKy $-MogNdNKalNA OOpasyetca B 
/AMOM IIpollecce chekaHua %-cnofyMeHa c K2SOs. Moxkuo, Takum o6pasom, ocy- 
{(€CTBHTb CneKaHHe c K2SO4 mitydHoro cnofxymMeHa uM dnOTAalMOHHOTO KOH- 
/CHTpara, He npuOeraa kK cnelMabHOMY NowyYeHnio KONMeHTpata B-cnoxyMeHa. 
("0 OOCTOATEJIECTBO BECbMa BHIFOAHO OTMMYAeT Cyb(paTHbIli MeTOX, HampuMep, 
7? CepHOKHCIOTHOrO MeToga (11), B KOTOPOM MO2KHO UCMOIb3OBaTb JIMIb 8-MOJu- 
}MKAaUMIO cnomyMeHa. 


4 


MockopcKhii HHCTHTYT TOHKOH XuMM4eCKOH TeXHONOrMH Iloctynusio 
um. M. B. Jlomonocopa 15 IX 1958 


HWMTHPOBAHHAA JIMTEPATYPA 


: 
? 
| 
| 
| 


1M. H. Co6oues, B.B. Jlotos, II]. WU. Acoc Kos, Pekue MeTaJWIbI, B. 3, 47 
11932): Bm 4-5, 4] (1932): b.'6, 3d (1982), 2 J7H: Frydilender, Rev. produits chim., 
amo 101 (1980), 8 B.C. by pkcep, Po B. Persea Man, 3. My J we st Hc kas, 
Denkue MeTamibl, B. 1—2, 52:(1932). 43.M. Jiueauckaan, T.B. Upauosa, Pen- 
‘Me MeTanmbl, B. 3, 38 (1933). 5 E.C. Bypkcep, Peykue metana, B. 5, 39) (1935), 
'E.C. Bypxkcep, A.IIl. PytTMaun, Yxp. xem. xypn., 9, 446 (1934). A.A. Toau- 
-BRHCKUU, JluTHeBble COM M MeTamMUeCKHH WHTHH, YTuIM3allMA OTXOJOB B TAXKEMON Mpo- 
tbIlieHHocTu, 3, 1936, crp. 307. 8 T. Tl. Anexkcauypos, DKIIX, 17, 183 (1944). 

B. A. Caxapos, XmM. Hayka u npo., 1, 529 (1957). 1° + iy YY pais o'B; 
PE. Ilnwomes, HM. B. Wlaxuo, MAH, 113, 361 (1957). Resslitanidvem: 
R. Nielsen, M. Herre, Ind. and Eng. Chem., 43, 2636 (1951). 
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oxrnaynp AKkawemMun nayk cccP 
1959. Tom 124, Ne 3 


Cc. fr. BYKHA 


HOBbIE JAHHbIE O BOSPACTE JIECCKOU CBUT bi 
(IIpedcmasaeno axademuxom C. H. Mupoxosoim 19 IX 1958) 


B mpouecce KpymHOMacuiTaGHOl reoJOrH¥ecKOH CbeMKH A6xa3nu u CBat 
HCTHH ABTOPOM HacTOALero cooOueHuA COOpaH MaTepHaJI, NOSBOIAIOWIMH 1a} 
THPOBATb JeCCKyIO CBHTy TpHacoM. | 

Jlecckan CBHTa HrpaeT CyIeCTBCHHY!O POvlb B reONOrMyeCKOM CTPOeHHi 
Bepxuei Csanetun u A6Oxasnu. B Bepxueli CBaHeTHH OHa pacrpocTpaHend 
B OCHOBHOM B Oacceiiax pek Murypu u I]xennc-uxasu, BUX BepXOBbAX, Pe Bhi} 
XOMbI e€ pacMO/laralorca B AApaX KPYMHbIX aHTHKJIMHaeH. B AoxasHu BbIXOJH 
WeCCKOli CBUTbI OOPasylOT HELIMPOKY!0 MOOCY BAOb PPOHTABHOM JIMHHM TAB} 
Horo HaJBura toxKHOrO cKOHa IaBHOoro KaBkascKoro xpeOta oT p. Heucxpéz 
yo p. Aurapa. 

Jlecckaad cBUTa BrepBbe Oblia BbIeeHa B 1932 r. B ymlembe p. Murypi 
I. I]. Arasmupi (*), HasBaBlinM ee «CBHTOIi MeTaMoppHyecKUX Canes». Ha oc 
HOBaHHA COOpaHHOlt uM (bayHbl, OMpeqeteHHoH H. H. WKosuessim Kak Litho 
strotion aff. bashkiricum Parna, Chaetetes radians Fischer., [. I]. Aras 
JjaTHpoBasl ee HHXKHHM KapOOHOM. 

B. B. 3amecckuti u C. C. Ky3Henos (?), moqpoOHO u3yYHBUINe JHTOMOTAK 
fecckou cBuTst B 1935—1936 rr., cuHTaIu, UTO OHa JOUKHA OBIT OTHECeHAa H 
TOJIbKO K KapOOHy, HO H K Oovlee APeBHHM CJIOAM Maseo30K. Mou xKe OHa Ht Obe 
Ha3BaHa «[eCCKOH CBHTOM». 

Hekoropble 13 mociefyioulux HcCMeqOBaTeel WeccKOl CBUTHI (Hampumep, 
(*,°)) mpugqepkuBaIHCh MHCHHA O €€ KaMCHHOYrOJIbHOM Bospacte. II. JI. Tam- 
Kpeslujise OTHOCHJI ee K TpHacy H BepXHeMy MaJIeOs3or10. 

OcHoBbiBaach Ha JaHHbIX H3yYeHHA chopamunudep u amcbunop B oOpasie 
TeMHO-CeporO MPpaMOPH30BaHHOrO H3BeCTHAKAa, OTOOpaHHom B. II. Terpospim 
B TopHoit AOxasuu y Kouesku Axeii, C. C. Kysnenos u A. J. Muxyxo-Mak- 
nai (*) pu K BHIBOLy, YTO WeccKas CBUTA COJepXKUT B HWKHEH uacTH OTIO- 
*KeHUA CpeHero HM BepXHero JeBOHA, a B BepXHeli — KapOona. 

IIpucyrerBue aHasloros AeccKOi CBUTbI B KOPeHHOM 3aseraHun B palioue Ko- 
yeBku Axeii HallMn HaGOZeHHAMH He NOATBepxRAaeTcsa. 3y7ecb MMH3bI TeEMHO- 
C€PbIX H3BCCTHAKOB, CHJIbHO KaJIbUMTH3HPOBAHHbIX, HaGmoLatoTcs cpemu duu 
JIMTOB WM KBaPIKHTOB, BO3PaCT KOTOPbIX MPeANOMORUTEIHO HEKHETAaeO3oit-! 
ckuit. | 

YMeCTHO OTMETHTb, UTO Ha BCCX H3MaHHbIX reoMOrHyecKUX KapTax KapBKa3ai 
ACCCKaA CBUTA OTHECCHA K HW?KHeMy KapOony, a B Crparurpacbuueckom c.1oBape,, 
usanHoM B 1956 r.,— kK cpeqHemy u BepxHemy J@BOHY HW KapOony. | 

Ha OcHOBaHHH MaTepHaJIOB HalMX MHOrO/IeTHUX JeTAaIbHbIX CbeMOK HI pe- 
THOHAIDHBIX Taseoreorpaduyeckux HCceOBaHHli MbI ele B 1953 r. npHMaHn 
f SaKJOYCHHIO O TPHaCOBOM BO3pacTe eccKOli cBHTbI. PesyabTaTbl pa6ort 
1957 r. oKoHuaTenBHO yOequsIH Hac B STOM. + 

B 1957 r. Hamu mpouspeqeHo jeratbHoe HU3y4eHHe Paspesa eCCKOH CBUTHI 
Ha }OXHOM KPbWIC AHTHKJIMHaIM XyMMupepH, mo wocce Ha mpaBom Oepery p. 
VUurypu. B stom Paspese, B KOTOPOM MOLLHOCTb JeccKOH CBHTbI COCTAaBJIAeT 


OKO 1600 M, Mer pacunennaM ee Mo mHTOMOrHUeCKHM MIpH3HakaM Ha TPH MO]- 
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ae HH2KHIOIO — MOLLHOCTbI Jo 475 M, cpeqHto1o — 0 590 mM u BepXHIOIO — 
gio M. 


3a OTCYTCTBHEM B paspese MaKpO- H MUKpO(bayHbI B WeAx OnpeesIeHHA BO3- 
(acTa CBUTbI ObIIO MpOHsBeAeHO U3yYeHHe CHOP UH MbIIIBI. 
IIpuBoquM onncaHue paspesa B BOCXOAMeH MocmeqoBaTeNbHOCTH. 


Hux*X*HAA TNOACBUTA 


a 


i 


) 1. Mpamop u MpamopusoBanHHble u3BecTHAKH, NO MpocTupaHHlo Nepexoxaune 
93 TEMHO-Cepble MCJIKO3CPHHCTbIC OKBapILOBaHHble MecuaHuKku. Ha sexKayem Coy 
yj; MvlacTaMH MpaMOpa YepeyioTca TeMHO-Cepble CJHOMMCTHIe NOMuAaTBIe rIMHH- 
‘The ClaHibl. B HX OOHAPyXKeHb! CHUKYJbI PyOOK, CeTuaTaA BOOPOCIb H MHOFO- 
SIO RY THK VG EIe Mr Bigeton) Gees fo AY, . MouyHoctb 75 M 
‘| 2. Tlecuanuku cubHO OKBaploBaHHble, TeMHO-cepble, u KBaplUTEI. Io 
JIpOcTHpaHuio K STOH MauKe MPHyPOUeHb! M1aCTOBbIe XKUJIbI KBaPIeBbIX JHO- 
COSA SrA sho ans om mien we heC is ARC). LeMOnnOCEb S0oM 
| 3. CiaHipl TeMHo-ceppie, YepHble, KPeMHHCTHIe, CHbHO MeTamopdu30BaH- 
WHbIe, C MPOCJIOAMM MeCJIKO3EPHHCTHIX OKBaPILOBaHHbIX MecuaHHKoB. B cwaHilax 
OOHapyxKeHbI OOJIOMKH COMKYyJI Ty6oK, (pioseH (?) H CMHMUHDIe OCTATKH MIbIIbILbI 
Bante A eh), Ce ar Re, hose. oy Mommocrnaban 
4. OkBapiloBaHHble MeCdaHHKH TeMHO-Cepble, M@IKO- HM TOHKO3SePHUCTHIe. 
[Secb HaOm0,aloTcH BUTPeHOBbIe uM (PlOSeHH3HPOBaHHble PaCTHTeMbHbIC OCTATKH. 
Ilo mpocrupanuto sTOH mayku HaGIOAaIoTCA B Heli MaCTOBbIe XKUJIbI KBAPILEBbIX 
BPS DIATODE ers dene ine fe) oh Gi jor Sas ew Mane Momnocrses 110 

5. [lecuanuku ToscTrocioucTble, ceporo u cBeTsIO-ceporo IBeTa, pa3Hosep- 
HUCTHI€, OKBAPMOBaHHble, C MPOCJIOAMH KPCMHUCTHIX CJIAaHIeB, MU JIMH3bI JOVO- 
}MHTH3HPOBaHHbIX H3BeCcTHAKOB. Ilo npocTupaHutio B STON MauKe HaOsOMaloTCA 
JIMH3bI MCJIKOraJICUHHKOBbIX KOHTJIOMepaTOB ....... .. . MomtHoctb 95 m 

6. [lJecuaHuku TeEMHO-Cepble, MCJIKO3CPHHCTHIC, CHJIbHO OKBapIlOBaHHble, 
C TOHKHMH MpOCJIOAMH TEMHO-CepbIX KPC€MHUCTHIX CJIaHWeB MH POroBuKoB. Berpe- 
/"aloTCA CNUKYJIbI ryOok uw OCTaTKH MuKpodayHE!. .... . Mormuxocts 130 m 


CpeRHAA NOLCBUT A 


7. CilaHibl MeTaMopdu3o0BaHHble, TeMHO-Cepble, YePHble, C MpocoAMH mec- 
“YaHHKOB, CHJIbHO OKBapILOBaHHbIX, MeJIKO3€PHUCTbIX, TeMHO-cepbIx. OOHapy- 
*KeHbI euHuUHBIe cnoppt cf. Cyclina glabra Mal., ocraTKu JuimaHHHKOB uM MeN- 
BO UC en ae ee une oat dy se ywaoe st OLLHOCTB LOU. M 

8. CiaHlbl TeMHO-cepble, YepHble, KPeMHHCTHIe, C TOHKHMH IIpOCJIOAMH 
OKBaplOBaHHBIX MecuaHHKoB. Syzecb OOHapyxKeHa MblIbIla Cyclina glabra Mal., 
Syclina punctata Mal., Caytonia sp..........:...- - Momuocrs 91 m 

9. CraHitbl TeMHO-cepble, MeTaMOpdHsOBaHHble, C PeKHMH, HO MaJIOMOII- 
HbIMH IIPOCJIOAMH TeCUaHHKOB MeKO3ePHUCTHIX, OKBapIWOBaHHbIx. Berpe- 
yaioTca BOsopocu, rudpl rpu6oB, oOJIOMKM cnuKyJI ryOOK, KyTHKYJIbI, a U3 
MbIIbubl — rpynna Apesuux cnop cf. Cyclina glabra Mal... MomHocrb 369 m 


BepxHAA NOACBUTA 


10. Tiecuanuku OKBapIlOBaHHble, cCepble H TeMHO-cepbie, pa3sHO3epHUCTHIe 
one Ros SO CEE a i ee Cir a ee ee . MouHoctb 90 m 
11. IJmacropax uuTpy3ua cBerTso-ceporo KBapleBO-CHeHHTOBOrO AMOpuTa 
(KBaplIeBbIii MOHIOHUT?) . RE ee eee . MontHoctp 40 m 
12. UepefopaHue mecuaHHKOB, OKBaPIOBaHHbix, CePbIX H TEMHO-CEPbIX, 
MeJIKOSCPHHCTHIX, H YePHbIX KPeCMHMCTHIX CJIAHICB... . - MouyHoctTb 75 M 
13. IlecuanuKu TocTocsoncTble, cpesqHe- H KPYNHOSePHUCTHIe, TeEMHO-Cce- 
pble, CHIbHO oKBaploBaHHple. Ilo mpocTupaHuio B 3TOH mauke BcTpeyaroTca 
UH3bI MCJIKOraneCuHHKOBbIX KOHTIoMepaTop... .... ..~ . Momuocrs 100 mM 
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14. UepegqoBanne TOJICTOCJIOMCTHIX KPYNHOSePHHCTHIX, CEPbIX, CHJIbHO OK~ 
BapIOBaHHbIX M€CYaHHKOB HW TEMHO-CePbIX KP€MHHCTDIX, 3HAYMTeJIbHO Me€TaMOp- 
(pH3OBaHHLIX cwlanwes. Hadmofaiotcsa JIMHSbI MUKPOKOHIVJIOMepaTOB: . 

fu ef Ong ov ola, Ga animeeah (Meise cree 

15. [lecuaHuku MeJIKO- cpequesepHuctble, TeMHO-cepbie ... MomlHOcTb 40 M 

16. Tlecuanukn TOJICTOCIONCTHIe, CHJIbHO OKBaPILOBaHHble, CPeHe- HW MCJIKO- 
3ePHUCTbIe C MPOCJOAMH TeMHO-CepbIX, YCPHBIX KPCMHHCTBIX CJAHIEB HC He 
CKOJIbKUMH Ce€KYULHMH 2KUIaMH KBapleBoro AMOpHTa HM JIHH3aMM MCKOPaJed~ 
HMKOBbIX KOHTJIOMepaTOB HM MPaMOPH30BaHHbIX H3BECTHAKOB. B sTou mayKe | 
oOHapy2xxeHE! cnoppt Medullina cf. minuscula Mal. nu Podozomites, cnukyJibr. 
ryOOK, KYTHKYJbl, JIMUaHHUKM M MesIKHe OCTaTKM BHTpeHa. . MourHoctb 110 M 

Ilo onpegxenenuto B. C. MasaBKuHOW, B HEMOJHOM CIeKTpe oOpa3iia u3 8-H 
HauKH, TIOMMMO THITMYHO TpHacoBEIx opm —Cyclina glabra Mal. u C. punc- 
tata Mal., mpucyrerBy1or elle MmblbueBble 3epHa Caytonia. OctaTKu K9MTOHHe- 
BbIX HO OTMe4UaTKaM BCTpPevalOTCA JIMIWb HauyHHas C pstcKoro sApyca. MuKpo- 
CHOPbI K9HTOHHEBbIX MOABIAIOTCA paHbie —C KapHMHCKOrO sAPpyca. Ilostomy: 
OTIOKeHUA JeCCKOM CBUTLI, HaHa Cc 8-1 MayKu, He MOryT ObITb ApeBHee Bepx- 
HeTpuacoBbix. B 16-fi nauke BCTpeveHbI MUKPOCMOpb! psTcKorO OOINKa Medul- 
lina cf. minuscula Mal. u muxpocnopa Podozomites, Koropas BcTpeuaetca 
OOLIMHO HauMHasd C pSTCKOrO Apyca TO HeOKOMa (BeJIbfa) BKOUTeIbHO. Cie~ 
JIOBaTeIbHO, B Je@CCKOM CBUTe MO CNOPOBO-NbIIbILEBbIM KOMIIJI€KCaM TOUHO BBI- 
jleseTcA BepXHUM Tpuac B MauKax oT 8-H Wo 16-4. [lopcemecrHo eccKas cBuTa, 
B TOM uncle u 16-4 nauka Hallero pa3pe3a, NOKPbIBaeTCA TpaHCrpeCCHBHO: 
C YrJIOBbIM HecorviacueM (bayHHCTHYeCKH OXAPpaKTePHSOBaHHbIM HYWKHUM JleHacoM. 

B nauxe xe 7-H oOHapyxkeHa Mukpocnopa Cyclina glabra Mal., scrpeuato- 
mlaicd OT HMKHerO JO BepxHero Tpnaca. 

Bospact O6oyee APeBHUX OTJIOXKeHHH (HYKHAA MOACBUTA), JIMWIEHHbIX CNOPOBO- 
IIbIIbUECBbIX KOMIMJICKCOB, H€ YCTaHaBJIMBaeTCA, OAHAKO MOMKHO MpelnOarath, 
4TO HWKHAA MpaHulla JeECCKOM CBUTHI He BbIXOJMT 3a MpeeJbl HHAKHEFO Tpuaca, 
TaK KaK B OMHCbIBACMBIX OTJIOKCHHAX MEPMCKHX (OPM He BcTpeyaeTca BoOoME 
M, KpOMe Toro, MO BCeMy Ppa3pe3y eCCKOM CBUTbI He HaOsoOaeTCA ceOB mepe- 
pbIBa B OTJIOKeHHU WIM Hecormacusa, a neTporpacduyeckoe nccseOBaHue NOpoL 
OT MOMOWIBbI JO KPOBJIM YKa3bIBaeT Ha HICHTHYHOCTh yClIOBHH OCaqKOHaKON- 
JIQHHA. 

B 1957 r. Ha ceBepHoM cone xp. Baxpiig JI.T. J>xuraypn, nposoyusmni 
TaM FeOJIOPHYeCKyiO CbeEMKY, OOHAPYKUI B CpeHeli MOACBUTe JeCCKOM CBUTHE 
MHorounceHHy!o ayy: Halobia aff. molucana Wan., Hal. superba May. 
var. timorensis Krumb., Pseudomonotis ochotica Kayr. var. ambigua Tell.,. 
Pseud. cf. iwanovi Bittn., Monotis aff. solinarius Defs., Cassianella sp. n., 
Pinna sp. n.? Ceratites sp., Phlebopteris sp. u ap. (onpenenenne K. IL. Hy- 
wyoOn73e). 

JlioGes Ho mpefocrapenuble HaM JI. [. Joxuraypu qaHHbie ompezenenusa co- 
6paHHol MM MaKpo(ayHb! NMOHOCTHIO NOATBEPXLalOT BepXHeTPHACOBbIH BO3- 
pacT BepXHeH M CpeHeH NOACBUT JeccKOH CBUTHI. 

OTHOCHTeENbHO BO3pacTa HMKHeH NOMCBUTHI HeH3a C YBePeHHOCThIO yTBep- 


*KTAaTb, OTHOCHTCA JIM OHA TOMbKO K CpeqHeMy TpHacy HIM we, YTO MeHeEe Bepo- 
ATHO, OXBaTbIBAeT H HKU TpHac. 


Teonormueckoe ynpapnenue 
mpH Cosete Munuctpos Tpy3sCCP 1 1088 


WMTHPOBAHHAS VIMTEPATYPA 


eT. Tk AT an Won, leon aaa (ppouTe uH 
ae . ; ayctTp., Ne 11—12 (1935) 25. B. 3anec 
. ae ee C. Kyswenos, Tp Cole AH CCCP, cep. Sakapkasck, p. 24 (1940). 
ry - eee Ay ee Mukayxo-Maxaat, JLAH, 104, Ne 6, (1955). 
ee: “ eeienko, Tp. CONC AH CCCP, cep. ‘sakapkasen., no. 04 (1940). 


eddmept, Tp. Beecotosn. reon. pass. oObequH., B. 349 (1933). 


Horuage Anagemun nayr CCCP 
1959. Tom 124, Ni 3 


TEOJOLPHA 


M. If. BAPJIAMOB 


KHHEJIBCKWE OTJIOKKEHHA B JOJIMHE P. HYP YILUA 
(TIPABbIM MIPHTOK P. BEJION) 


(ITpedcmaeaeno akademuxom H. M. Cmpaxoeoim 11 X 1958) 


B cratbe ocBemaeTca CTpoeHue HM BO3pacT KOMMIeKCa OTJOXKeHHH, BINON- 
|fOWlx NepeyriyOuleHHy!0 YacTb AOMHBI p. Hyryma Ha TOM yyacTKe, re peKa 

pecekaeT mepesopble ropHble rpaypt IO. Ypana, Mexgy c. IIpuBonbubim u 
B. Tamespm. J[anupiit Kommsexc BnepBple BCKPBbIT Ha TOM yuacTKe Oy peHuem 
7, MOKPOBOM alllepoucKo (?)-4eTBepTHYHBIX oToxKeHHA B 1955—1957 rr. 

KMHeIbCKHe OTIOXKEHHA 3eCb ObIM BHIACCHbI ABTOPOM Ha OCHOBaHHM UX 
j>bMa OOMbUIOO JMTOMOPMYeCKOFO CXOACTBa C TaK Ha3bIBAeMbIM KMHeJIbCKHM 
JMMJIEKCOM MOpoy, OnucaHHEIM A. B. Muprosor (7) B qomuHe p. Beno, npe- 
yuecTBeHHO NO MaTepuadiam Oypenua. M3yuenue pa3pe30B, BCKPbITbIX MHOFO- 
|CICHHBIMH CKBaxKMHaMM B AOMHe p. Hyryuia, a TakxKe JaHHbIe NaJIMHOJIO- 
j4€CKOTO MCCJIENOBAHUA KepHOBOrO MaTepHasla, MpousBeqeHHoro Mopezou 
iP alrepoBpoi (Bcecoro3Hblli reomoruuecKWit HHCTUTYT), MO3BOMHIN Oomee WWI 
Hee OMNPeCICHHO BHISCHUTb CTpaTurpaduyecKoe MOMOAKEHHE KHHCMbCKUX OT- 
DKCHHH. 
| Kunesbpekuit KomnsieKc nopox B mpefzelax paccMaTpHBaeMOH YaCTH NOMI 
| Hyryuia, kak u B Jomune p. Besol, mpeqcrapien AByMaA TONMaMH, CBASAH- 
MM [pyr c Apyrom nocreneHHbIM mepexojom. 

) Huxuaa TOMA (6a3aIbHad) CpaBHUTebHO MasOMOIHad (He Oo- 
:e 15 mM), clo2xeHa B OCHOBHOM rpaBHiiHO-rasleuHbIM MaTepHaJIOM, C BKJIOUe- 
(CM OTJCJIbHBIX BaJIYHOB. SanoIHUTesIeM B MOpose ABJAeCTCH OOIMHO CepbIli, 
}TOJYOOBATLIM OTTCHKOM, HM XKCJITOBATO-CBeTJIO-CepbIH TIMHUCTHIM MecOK WIN 
PIMHOK. CoctaB rasleuHoro MaTepHaua pasHooOpa3Hblli. B OoubUIMHCTRE CJly- 
(eB mpeo6alarw?T rasbKH KBaPUMTOBUAHbIX MeCUaHHKOB, H3BeCTHAKOB, KPeM- 
HM, KBaPIMTOB MW pexke KBapla W Apyrux nopoy. Mnorga Bcrpeyawrcs raJibKH, 
‘PCOTJIOMKEHHbIe H3 JPCBHUX «KHeMbIX» cBUT Ypasa. OkaTaHHOCTb OOIOMOMHO- 
| MaTepHasla BCCbMa pasHoOoOpa3Had. B camo HH2KHeli uacTH pa3pe3a STO 

WIM OOJIOMOUHDIM MaTepHas NpeACTaBJIeH B OCHOBHOM KPpYyIIHbIMH (JO rvIbIO 
JMOUMTeIbHO) Cla6O OKaTaHHbIMH HM YrVIOBaTbIMH OOJIOMKaMH H3BeCTHAKOB, 
\CUAHHKOB, aJIEBPOMUTOB H APNWJVJIMTOB, Claraloulux «KopeHHoe» soxe Hy- 
IWCKOU KOTJIOBHHBI. \ 

BospacT HuxKHel TOM ONpeeAeTCA MO MaHHbIM CIOPOBO-MIbIIbILeBOrO 
{au3a, mpousseyenHoro Taitireposolt. B sroli Tome o6xapy2KeH CIIOpOBo- 
WIbUCBHIT KOMIVIeKC Clenyloulero coctapa: Sphagnum, Picea, Pinus, Ta- 
\diaceae, Juglangaceae, Carya, Alnus, Betula, Tilia, Caprifoliacea, Myrio- 
iyllum u gp. Ilo saxmouennto Palirepopoli, MaHHbIM KOMMeKC, BHe COMHE- 
ii, MOXHO JaTUpOBaTb TPeTHUHEIM BOspaCTOM, a 3HAUHTeJbHbIM MpPOMeHT 
JJIbUbI TPaBAHUCTHIX PaCTCHHH MOSBOJIAeT OTHECTH CTO K MHOICHY —— HH3aM 
TMOLeHa. 

BepxHaAH TOMMLa KMHeUIbCKUX OTIOAKECHMM NO CPaBHEHHIO C HHKHeH 06- 
ylaer 3HayMTebHOM MOU{HOCTHIO (0 32 M) M OObIIMM JIMTOJOLMYeCKHM Da3- 
j06pasuem. IIpu TUaTeTbHOM H3yUeHMH Paspe30B CKBAXKUH BbIACHHMOCE, UTS 
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oHa mpekcraBieHa B ABYX [MpeCHOBOAHBIX (alluAX, MOCTeNeHHO Mepexon 
UIMX OWHa B Apyrylo B HampaBseHHn OT WeHTpasbHOM YacTH ApeBHeTo NOK 
JOMMHbI B CTOPOHY sIeBOrO CKJIOHa TMOCeAHeH. . | 

Tleppaa cballua ABJIAeTCA PpyCOBOH. O6OpasoBannA 3TOK allun mame | 
ull HanOouee nepeyrmyOuleHHy10 YacTb Apesue HoumHD! p. Hyryiia u npeay 
CTaBJICHbI IIpeMMYILeCTBeEHHO MeCuaHbIMM aJIEBPHTaMH H aJ1€BPUTOBO-TvIMHHCTBIMg 
eCKaMH C BKJIOYCHHEM OTICIbHBIX TaleK, TpaBAA M PeAKO BaTYHOB, C AMHSO} 
BUAHBIMH MpOciOAMM rpaBuHoO-rameyHoro MaTepHadla M TOHKOCJOMCTHIX Tin} 
B OCHOBHOM cepol Mw 2XKeJITOBaTO-cepoH OKPackKH. | 

BepxusaAa Toma KHHELCKUX OTMOXKeHHH 3a NpewetaMu ApeBuero OKA Te 
MHI [IpeCTaBsIeHa, 10-BHJMMOMY, B OCHOBHOM B O3€PHOH (pallu. O6 3TOM KO 
BCHHO CBUJCTeIbCTByeT TO, YTO CJlaralolllMe 30€Cb BEPXHIOIO TOMY OBOE} 
MJIOTHBIe MvlacTHUHbIe PIMHBI (IpeHMyeCTBeHHO cepoli, semeHOH mu romyOoBaTd 
3eeHOM OKpacKH) COjepxaT mpocson Topda HM Oyporo yrs. B ruimHax Hepedk' 
BCTPpeyaloTCA UYePHbIe TOUCUHbIC BKPallIeCHHA, H3BECTKOBMCTbI€ CTAKCHHA, 
TaKoKe PaKOBMHbI MpeCHOBOLHBIX MOsOcKOB Bithynia tentaculata L., Val 
vata piscinalis, Planorbis u gp. . 

U3 o6pasioB HuxKHeH uacTH pa3spe3a BePpXHeH TOJILM PacCMaTPHBaeMbl 
o6pasoBaunii B. A. Mopepoii onpegeneH JOBOIbHO OOWJIbHbIM CIOPOBO-TIbIE 
WeBoH KOMMeKc (cKBaxkuHa Ne 205). B STOM KOMMJICKCe H3 IIblWIbILbl XBOMHBIt 
mpeoblawaoulei ABIAeCTCA [bluIblla ceM. Pinaceae, eqHHHYHO MpHcyTcTBye 
MblWIbia Tsuga u, Bo3sMoxHO, Glyptostrobus. MesKOJMCTBeHHbIC B STOM KO i 
mleKce mpeycrapienpt Salix, Alnus, Betula. Bomputoe pa3sHooOpasue B ApeBed 
HOH Tpyrime co3qaeT nbibia nopog Typraiickoro Tuma: Quercus, Ulmaceae 
Ulmus, Acer u 2p.; B CAMHHUHBIX 3epHax MpucyTcTByeT nbWIbila Castanea 
Juglandaceae, Viburnum u yp. B rpynne tpaB mpeoOmagator crenubie (Arte 
misia, Chenopodiaceae u gp.), BowHbIe Hu mpHOpexHo-BogHbIe (Typhacea 
Sparganium u gp.). Tlo mpegnonoxenuio B. A. Mopesol, BospacT aHHO 
KOMIMIe€KCa COOTRETCTBYeT HH3aM MVJIMOLWeHa. 

J|pyrue cnopoBo-nbluIbleBble KOMIVJIEKCbI, BCTPeUeHHbIe B OOpasilax BepxHe 
TOJIMIM KHHEIbCKUX OTJIOMKCHUH, IO CPaBHEHHIO C BbILMeCONHCaHHbIM XapakTepr 
3YIOTCA MCHbIIMM pa3sHOOOpasHeM BUOBOrO COcTaBa (OCOOeHHO ApeBecHOH rpy! 
Mbl Mopog). Bospacr ux AaTupyetca B. A. MopesBoit mpeqnomoxuTebHO Ka} 
BepXHeHCOreHOBHIi. 

CpaBHuBad CNOPOBO-IIbIIbUeBbIC KOMIVJICKCHI, BCTPC4UCHHble B KHHEIbCKUX O7J 
JO*KCHHAX ROM! p. Hyryuia, C WaHHbIMH MaJMHOMOrMYeCKOrO H3Y4eHHA Kali 
HOSOHCKUX OOpasoBaHHi IOxHO-Ypampekoro OypoyroubHoro Oaccelina, momy 
yeHHEIMM H. H. Curosoit (*) 1 2p., MoxKHO ompeleeHHO TOBOPUTb O TOM, 4 
3TH KOMMJICKCHI OM2Ke BCeFO CTOAT K BEPXHEMMOMCHOBOMY Mi MJIMOWeHOBOMY CI 
POBO-IIbIJIbILCBLIM KOMIVJI€EKCAM, BbIJeICHHBIM JIA OOWIMPHOH TeppuTopuu Ow 
Horo [Ipenypaba. H. H. Curopa nokasblBaeT, uTO XapakTepHble yepTHI HH KH 
MHOIWCHOBOrO KOMIIIe€KCa MOBTOPAIOTCH HW B CpeAHeEMHOILeHOBOM, Tora Kak nd 
CIENHHH P€3KO OTMYAeTCA OT BEPXHEMHOLMEHOBOFO, HMETOULErO GONbIIOe CxO} 
CTBO C [JIMOMeCHOBbIM KOMIICKCOM. 

Baecte c tem, I. B. Baxpymespim (!) ycraHopmeHo, uto B IOxHOM TIpey 
ypaJIbe, B Ipeqewax BOCTOYHONH OKPaHHbl KOTOPOrO pacnoularaeTca paccmaTpy 
BaeMasl YaCTb NOMAD p. Hyryila, omucpiBaeMble MOpOsbl sasleraloT C Ppa3MBIBO} 
Ha yIJICHOCHbIX TIMHaX MMOLMeHa (9TH PIMHbI, KAK YTOUHMJIOCb 1032Ke, HMeIOT HI 
AKHE-CPCHEMHOWECHOBLIT Bospacr). [lo jaHHbIM 9TOrO xe UCCMeMOBaTeNs 
A. Tl. Tsxxesoit (4), A. B. Muprosoit @) x Ap., HWxKHHH mpecHoBo_HEMt (KI 
H@JIbCKHM) KOMMICKC MOPOA, BbITOMHATOULMI nepeyriyOeHHy!l0 “acTb JOuMH| 
p. Beno B cpequem TeueHuu ee, HecormacHo MepeKPbIBaeTCA MOPCKHMH akyd 
PbIIbCKUMH OOpasOBaHHAMn. 

CocTaB CMOPOBO-NbIIbILeBIX KOMIJICKCOB, OOHaPyXKeHHBIX B KHHeMbCKH 
TOMA Eetor eee coTpy1HHKamMu Beecow3Horo Hay4Ho-nccule 
Ge geen SEED MHCTHTYTAa, 3aKJHOUeHNe S9TUX UCCeELOBaTeNe 

MIVICKCOB, a TakxKe OObUIOe CXONCTBO NOCcTeLHH 


¢ KOMIVI€KCaMM BepXHero MHOWeHa u MIMOueHa [Oxnoro [peaypanpsa (no crpa 
659 


| 


MrpaduyecKoMy MOJOXeHHIO KHHEIbCKUX MOpom paliona cpeqHero TeyeHHA 
'. Beso) air ocHOBaHHe C HeEKOTOPOM yBepeHHOCTbIO MONaraTb, YTO BO3pAacT 
|;HHEJIbCKUX OTJIOXKEHHU, PaSBHTbIX B WOMMHeE p. Hyryula, coorBercrByer Bepx- 
(€My MHOWeHy, HWKHeMy M CpesHemy rvInoweHy. Huxkuasn Toma (rpaBuitHo- 
ayleuHad) KHHebCKOrO KOMMIeKCa MOPO, UMEeT, BePOSITHO, B OCHOBHOM 
}CPXHEMHOWEHOBbI BOSpacT, a BEPXHAA (IMHUCTaA WU MecuaHO-asleBpHTOBas) — 
\(H2KHe-Cpe HEMJIN OMeHOBBII. 

Kak M3BeCTHO, KHHEeJIbCKNe OTIOXKeHHA BalkKMpuu, MOULHOCTH KOTOPBIX 
; MomMHe p. Beno Jocruraer 200 m u Oouee, A. B. Muproson (?) RatTupoBasmncb 
{P€MHUM IWIMOWeHOM. OHaKO MpHBeeHHbIe JaHHble, MO-BHAMMOMy, CBHJe- 
JIbCTBYIOT O TOM, YTO HHXKHAA BO3PAaCTHAA TpaHulla 3TUX OTJIOXKeHUM MOMKET 
LOOTBETCTBOBATb laxKe BepXHEMY MHOIeHy. 


TopuHo-reomorHueckHH MHCTHTYT Tloctynuu0 


Bawkupekoro (busnasa 19 V 1958 
Akaylemuu HaykK CCCP 


HWMTHPOBAHHAA JIMTEPATYPA 


| 17,.B. Baxpyuwes, Yu. 3am. Capatosck. roc. yuus., 15, B. 2(1940). 7 A.B. Mu p- 
Mos a, Su. sam. Kasanck. yHus., 3, KH. 6 (1951). °% H. H. GCurosa, Tp. BCETEY 
hep. maneoutom., 1952. 4A. Il. TaxesBa, K u3yuenuio TpeTHUHbIX OTMOKeHHM MaH- 


netos 121, 131, 141 uw 151 matupepcrHol Kapter Ypana, Yoda, 1937. 
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Jloxrxaynmn Akagemun nay CCCP 
1959, Tom 124, Ni 3 


rEOJOLH I 


B. HW. KOHMBEL 


O ®ALLMAJIBHOM COCTABE YIJIEHOCHbIX OTJIOD)KEHHH 
AJIMAHO-OJIEKMUHCKOPFO BOJOPASEJIA 


(IIpedcmaeaeno axademuxom H. M. Cmpaxosoim 11 X 1958) 


YrueHocuble oTsiorwKeHuaA AsfaHo-H OvleKMBHCKOrO BOMOpasfeda COCTABJIAIOT 
3anaquyio Yactb fOxKHo-SKyTcKoro yroubHorO OacceliHa. , | 

JIurouormuecKuM W3YYeHHEM YIVICHOCHbIX MOpOA B WeHTpa/IbHOM yacTH Gace | 
celia 3aHuMaiacb T. A. VMumua, koropaa BbINONHHMIAa IA ayaenakertaay 
ydacTka JMTOJOTHYeCKOe OMMCAHMe MOPOA, BbIAe/Ha COOTBETCTBYIOMMe THIBI } 
cballuit u OOOCHOBaIa MpeAO*KeHHy!O €10 CXeMY BbIJeIeHHA CBuI. KpatTkKo 
yTvleHOCHbIe MOpOAbl BOCTOUHOH YacTH OnNCaHbI J|seBaHOBCKuM ‘Gia YTseHOC: | 
HbIe MOPOAbl sanaqHOoH yacTH usyyasucb B usBecTHoH Mepe B. I. JJuTmapom 
u M. M. Taneeson. 7 

Jluromoruyueckoe H3y4eHHe YIVICHOCHbIX NOpox s3anaqHoH uacTH FOKHO-! 
AkytTckoro yrouibHoro OacceliHa aBTOPOM MPOBOAUJOCb BIIepBBIe. 

B mpoecce paOoT Hamu ofxpooHo USyYaIHCb MH MOCMOHHO ONMCbIBAJIMCb 
MO KOPeHHbIM OOHAXCHHAM NMOPOAb! yrvIeHOCHOH TON. OcoOoe BHUMaHHe NpH 
3TOM OOpalilasOCcb Ha BbIABJICHHe JIMTOeHeETHYeCKNX MPH3HAaKOB Hopog, KoTOpBie 
B KOMIMJI€KCe XapaKTepH3yIOT yCJIOBHA OCalKOOOpasoBaHHA ('). 

K uucay BeAyuuX JIMTOPeHeTHYeCKUX NPH3HAKOB NOPON OTHOCATCHA CTPyKTYy- 
pa, TeKcTypa, MMHepasbHbIM cocTaB, OKpaCKa MNOpOfbl, ocTaTKH (payHbl, 
pacipefmesmenne HM opMa COXpaHHOCTH PpaCTHTeJIbHbIX OCTATKOB, XapakTep 
KOHTaKTOB CJIOCB MH MHHepaJIbHbIe BKJIIOUCHHS. , 

THM CIOHCTOCTH CBUJeTeILCTByeT O THHAMHKE Cpebl, MHHepPaJIbHbIii COCTAaB 
yKa3biBaeT Ha OOslacTH CHOCa TeppHreHHOrO MaTepHasia, MHHePaJIbHble BKJIO- 
YeHHA THA KOHKPeClM BbIABJIAIOT XMMH3M BOLHOM CpeAbI, B KOTOPOH MPOWCXO- | 
AMO ocayqKooOpasoBaHne. | 

YIeHOCHbIe OTJOKeCHHA MNpeACTaBIeHbI rpaBemuTaMM, necuaHukamy,| 
C MpocwoAMH MW JIMH3aMH KOHTJIOMepaToB; aJleBpOMNTaMH aprusiTaMu, | 
C MOJYHHEHHBIMM HM NpOCJOAMM H Mvlactamu yruiel. Tlopoyn oueHb TIJIOTHEIE } 
uM TBepyble. | 

OnpexeeHuaA HaliJeHHbIX B Mopokax ocTaTKOB QopH, mpousBeqenupiel 
3. TI. Mpocsupskosoli, yKaspipaior Ha MpHHayexKHOcT yrseHocHOl TOM 
K cpeHelH — BepxuHeil lope. YrueHocHble OCaqKH H3y4YaemMoro BOMopasseda TO- 
*KCCTBCHHDI OTMOKeHHAM LlenTpambuoro paiiona, rye T. A. Umunoli KPOMe| 
CXOMHBIX PaCTHTCJIbHBIX OCTATKOB OblWIH OOHAPy2KeHI MpeCHOBOHbIe nesellu- 
MoAb, oTHecenHpIe I’. I’. MaptuHconom xk epraHOKOHXaM, Mo3BOssIONLUM| 
AaTHPOBaTh BO3pacT OCANKOB CpeHe-BepXHeIOPCKUM. 

IOpckue OTMOKEHHA C PE3KUM YIIOBBIM HecormacueM 3aleraloT Ha CHAbHO- 
AMCOUMPOBAHHBIX KPUCTAJIMYeCKUX MOPOMaxX TOKEMOPHA B 1OKHOM yactn 6ac-} 
cela M COrlacHO, C MepepbIBOM mMepeKpbIBaIOT TOA KeMOpHsl Ha CeBepe. 

B cocraBe yrmeHocHoit Tom yuacTByIOT KOHTHHeHTabHBIe oOpaso0BaHHa. | 
HwkHAA “acTb TON COKeHa Tpy6oo6OMOUHEIM MaTepvasiom. Bole no pa3- 
Pesy Ocanku Coulee MeKO3epHUCTHIe HW YaCTO YrJIUCTHIe, C IpWypOveHHbIMH K HUM 
MpOCOAMH WM TWwlacTamMu yrselt. 

Eme Bpnne m0 Paspe3y TOHKOSEPHHCTHIe OcayKH BHOBb CMeHAIOTCA Gosee! 


rpyOosepuncrbimu, u HaunHaeTca HOBbIM PHTM B OCayqKOHakonueHHn. Hanuune 
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) YIVIEHOCHOH TOJIULE NOCJeAOBATEAbHO CMEHAIOUINX OHA Apyry!0 PATMH4HO 
HIOCTPOCHHBIX KPYIHbIX MaveK MOSBOJIAeT BbI,CINTb B YIICHOCHOH Toe 4 mMa- 
WPOPHTMA H NpPOMsBeCcTH JalibHelitee cTpaTurpaduyeckoe paculeHeHue yrvie- 
GIOCHBIX OTOXKCHHH Ha COOTBETCTBYIOUIMe MaKpOpuTMaM (cCHM3y BBepx) lOxtTuH- 
‘Kyio, Uyabmauckyio, Jlypaiicxyio u Pourpuuckyio cBuret. 

Avaiu3 MepBMUHBIX sMTOreHeTu4ecKuX NIPH3HaKOB MOSBOJIH BBIZeIHTb 
(3 YieHOcubIxX OOpa30BaHHAX OTOXKEHHA MPOJOBMAasbHO-AJIIOBMAJIbHBIX, 
)3CPHO-NOHMCHHbIX HM OOJIOTHBIX (paltuit. 

}) @Matun nponwBua u pycaoBoro anuwesua. K ornoxe- 
9 {HAM IIPOJIOBUA M aJIJOBHA, HJIM PEYHOTO PyCJla, OTHOCATCA TlaBHbIM OO6pa30m 
}<OHTVIOMEPaTHI, TpaBeJIMTbl H KPyNMHO-, a MHOTa U CpeHesepHUCTHIe mecua- 
siuku. Ilopogprston cbatuu o6magaior KPYMHOSEPHUCTHIM CTpoeHHeM, yrsOBAaTOi 
41M ClaOOOKaTaHHOM CPOpMOH sepeH uM MIOXOM COpTHpPOBKOli TeppureHHOrO Ma- 
irepHana. [panyomerpnueckuit cocraB mopox pasHoo6paseH u Kpaline u3MeH- 
‘imp. [logunHenHoe momoxeHue Cpequ STHX OTMOXKeHUIi 3aHMMalOT KOHTJIOMe- 
}2aTbl MOMMMMKTOBHIe, 3ayieraiollwe B OasaIbHOH YacTH IOXTHHCKOM CBHTHI, 1 
SOJIMTOMMKTOBBIe, BCTPeualOUIMeCA B Bue OTIEbHBIX MpPOCOeB BbILepacmowo- 
}KEHHBIX TOPH30HTOB pa3spesa. [aubKa KOHTIOMepaToB, pa3Mepamu 3—8, pexe 
/12—I15 cM, cocrouT “3 rHeitcos, rpanntoruelicos, KBapWMTOB, pasIMUHbIX Kpem- 
JMMCTbIX WH H3MCHCHHBIX  KWJIbHbIX pa3sHocteH mopog. IlpeoOmagaet ranbKa 
> XOPOWIO OKaTaHHOM moBepxHocTbo. LlemMeHTOM KOHTsOMepaTOB CYT Mec- 
 1aHO-TVIMHUCTHI MaTepHaJl, HepelKO MOMBeprulMlicA SABJe€HHAM BTOPHUHOTO 
{OKBapleBaHuA. COMCTOCTH B KOHTWIOMepaTaXx, PACTHTeJIbHBIX OCTATKOB Hi OC- 
TraTKOB MCKOMaeMOH GayHbl He HaGwOJaetcs. 

| BHYTPH@OpMallHOHHbIe€ § OJIMTOMHKTOBBIC KOHTWIOMepaTbI GOoee BBICOKHX 
(rOPH30HTOB COCTOAT U3 TaJIbKH aJICBPOJIMTOB MW aprHJJIMTOB C mecuaHo-rin- 
JHUCTBIM CcOCTaBOM IemeHTa. B Hux HaOsOfaloTcH MewKUe Hu Ooee KpPyNHBe 
JPaCTHTeJIbHbIe OCTATKH. 

) Awasorwunbie pasHoctu mopog B LlextpambHom palione T. A. Mumuxoli ort- 
HeCeHbI K OTJIOXKCHHAM peuHOorO pycua. 

KouruiomepatTbl SanaqHoro paliowa mo KOMMIeKCy JINTOreHeTHYeCKAX MpH- 
)3HAKOB MM CXOJCTBY C aHaOPHUHbIMM OTWO2%KeHH AMM [lenTpaJlbHOro pavioHa HaMu 
(OTHOCATCA K MPOJIOBHIO —(alHAM KOHYCOB BbIHOCAa BP€MCHHbIX MOTOKOB. 
i actb KOHIJIOMepaTOB, XaPpaKTePH3YIOUINXCS| HEPOBHbIM M10 Pa3MbIBY HH2KHHM 
{KOHTAKTOM, IPHHaexKUT K OTJIOXKEHHAM AJIJOBUA WM COCTABJIAeT (palluto pey- 
{Horo MOTOKa. 

| Tpasemutel, KpymHosepHucTble NMecuaHHKH HM HeKOTOPblIe PasHOCTH CpetHe- 
/3ePHUCTHIX MeCUaHHKOB, CJlaraiollue HWKAHMe YaCTH CBHT, COCTaB/AIOT Oomee 
j pacnipocTpaHeHHylo Tpylny PyCJOBbIX OTJIOKeHHH, BeECbMa M3MeCHYMBOTO Tpa- 
} Hy IOMeETPHYeCKOFO CocTaBa, C yrOBAaTOM WI MOMyyrOBaTOK POpMOH OO.IOMKOB 
YW OCOOeHHO HIOXOM COPTHPOBKOi TeppHreHHOrO MaTepHiala. C/IOMCTOCTb B HUX 
6onee KpyuHad, Kocad, OJHOHalpaBeHHad —B HWKHAX FOPH3OHTax CBUT —- 
HM aHaJlorMuHad MO THNy, HO Oomee MewKaH — BbILIe NO pa3spesy. 

OctaTKoB HCKOMaemoi cbayHbI B MOposax 9TOH rpynmbl He OOHapyxeHo. 
Ha6ofaetca OObIUOe KOJIMYCCTBO KPYNHBIX H MCJIKHX PaCTHTeJIbHbIX OCTAaT- 
KOB, IIpeCTaBJIeHHBIX OOYIIeHHLIMM OOPbIBKaMu CTeOveli, BeTBeH HM YACTeH CTBO- 
‘0B JepeBbeB C CaMbIM Pa3.IHUHbIM HX pacnosorweHneM. IIpoucxomenne pacTu- 
'TEJIBHBIX OCTATKOB aJIJIOXTOHHOe. HvoKHHe KOHTAKTHI CJIOCB HEPOBHbIe H YacTO 
“co cyleyqaMu pasmpipa. Ilepexoypl K BbIMee*Kall4M CJIOAM POBHBI€ HM MOCTeMCH- 
HbIe. 

Pa3HooOpa3ue rpaHysomerpuyeckoro cocTaBa, mpeodsJaqaHue KOCOH, TvlaB- 
-HBIM OOpa30M OJHOHaNpaBsIeHHOM COMcTOcTH, HasH4He OO/bIIOrO KONMYeCTBA 
KPYIHbIX OOYIICHHbIX PaCTHTCJIbHBIX OCTATKOB H OTCYTCTBHe (payHbl ABIIAIOTCA 
MpH3HaKaMH, YKa3bIBaIOULHMM Ha OTOMKeHHe OCAIKa B YCMOBHAX OHOHANpaB- 
JICHHOTO ABIOKCHHA BOLHOFO TOTOKa (peuHoro pyc.ia). YAeAbHbIA Bec OTIOKEHHH 
eTux (pallu B TOJMMe HesHaunTeeH. 

OzsepHo-noitmeHupe danun. B sty croxkuylo rpynny BxO_AT 
OTOXKEHHA O3CPHbIX (cpalluii, MOMMeHHDIX allui MH BCX MePeXOJHbIX Me?KIY 
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HuMH pasHocteli. Haw6omee pacipocTpaHeHHbIMH 3/eCb ABJIAIOTCA MOAMMUKTO- 
BbI€ H PpexKe APKOBOBbIe MEJIKOSEPHUCTHIe MeCdaHHKU H 6omee TOHKHE aJ1@BPHTO+ q 
aprHuJJIMTOBble pasHoctu. KpymHo- u CpefHesepHUcTble MecdaHUKH HMCIOT One} 
YHHEHHOE 3HaueHHe. | 
Tlopogpi o61aaioT HenocTOAHCTBOM rpaHyJIOMeTpHyecKOrO COCTAaBa, OTJIH- 
yaroTcs JIyULUel COPTHPOBKOM MH OKaTaHHOCTbIO OOJIOMOUHBIX 3epeH, oco6eHHO!} 
BBepX N10 paspesy, XOTA (OpMa sepeH MOpOA HM MpOMoKaeT elle OCTABATLCAIP 
yruopaToli u mosyyriosaTol. B HeKOTOpbIxX MecuaHHKax UH aJIeBPOJIMTAaX Ha-\p 
6OLaeTCA KBaplL WecTOBaTOH cOpMbl C 3aOCTPeCHHbIMH PereHepHPOBaHHHIMy} 
KOHI[aMH OOJIOMKOB. 
Tlopogbi xapakTepu3ylOTcA PasJIM4YHbIMH THNAMH CJIOMCTOCTH. Me.1ko3ep Hn- |p 
cTBIe MeCUaHUKH OGJaLaloT BOJIHUCTOH HM TOPH30HTaJIbHOH csoMcTOcTHIO. Cpegnly 
aJICBPOJIMTOB Yale MPOABAeTCA TOHKAA TOPH3OHTaJIbHat HM perke BOJHHCTAsIf 
cnoueroctb. Ilo pp. Yemyny nu Avgany B necuanukax HaOsOLaIMCb 3HaKH PHON. | 
@opMa 3HaKkOB PAOM CHMMeTPHYHAA (OTHOIWEeHHE AVIMHbI BOJIHbI K aMIVIMTy elf 
OKONO 4), yKa3bIBalolllad Ha OTJIO%KeHHE MeCYaHHKOB B YCJIOBHAX BOJIHOBbIX KO- 
eOaTeIbHbIX JIBUXKeHHH MmpHOpexHOH UacTH  o3epa. | 
Vuorga B necuanukKax M ¥aCTO B auleBpOuIMTaXx HaOsOaeTCA TOPH3OHTAVIb-| 
Had, B GOOJIbIIMHCTBeE CJIY4aeB MeJIKaA CJIOHCTOCTb, OOYCJIOBJIEHHaA YepeoBa-| 
HH€M MHKPOCJO0eB pasIMYHOrO JIMTOJOFHYeCKOrO COCTaBa, a HHOTa MPHCbINKO! | 
MeIKOFO PaCTHTeIbHOrO TeTPuTa HIM pacnolo*weHneM Ooslee KPyMHbIX yrviedu- 
UMPOBaHHbIX paCTHTeJIbHbIX OCTATKOB aJIJIOXTOHHOrO H AaBTOXTOHHOFO mpouc-| 
xoxK]eHua. ABTOXTOHHbI€e PpaCTHTeCJIbHbIe OCTaTKH MpefCTAaBJICEHbI XOPOLO Cco- | 


XP@HMBIUMMHCA BEPTHKAJbHbIMM KOPHEBbIMM OCTATKaMH, OObISHO HaOJIOaeMbIMH 
B mOpoqax MouBbl yrouwbHoro miacta. AWOXTOHHBIe PaCTHTeJIbHbIe OCTAaTKH } 
MIpeACTaBJIeHbI XOPOMIO COXpaHHBUIMMHCA OTMeYaTKaMH JIMCTbeB ManOpOTHHKa H 
XBOH, KOTOPbI€ YKa3bIBalOT Ha BHYTPHaJIIOXTOHHbIM THM HakoreHua. Mmetorca 
Hu Ooee Me@IKHe MbIeBaTbIe PaCTHTeJIbHbIe OCTATKH, MpeTepneBliINe MO cBoero! 
3aAXOPOHCHHA JVIHTeIbHbIM WyTb MepeHoca. MayHbl He OOHapyxKeHoO. TpanHnwpt| 
MepexOOB CJIO€B YETKHE H POBHBIe. 

K HeKOTOPBIM CJIOAM aJIEBPOJIHTOB TIpHypOueHbI OOpa3s0BaHuA CHHTeHeTHU- 
HbIX H3BECTKOBHCTHIX KOHKPelHi, OOBIMHO HeOOJIbLIHX Pa3MepoB, ccbepousab- | 
HOM H pee MIOCKOIJJIMNCOWaJIbHOM (POPMbI, C PacnOJIO*RKeHHeM B BUe Mpepbi- 
BUCTOH WemOukKH MO HacJIOeHHIO MOpPObl. 

CymecTByloT elle MaukH NepeclaHBalOulHXCA MeCuaHHKOB, aJIeBPOJHTOB 
M aprHJWIMTOB C TipOCOAMH TpaBeHTOB HM MOACKAMH Me@JIKOH TaJibkH. Xapak- 
TePHOH HX OCOOeHHOCTHIO ABJIAeCTCA JIYYWIAaA OKATAHHOCTb OG6JIOMOUHOFO mate- | 
puHala HW YepemOBaHHe CJIOCB C MeJIKOM COHCTOCTbIO —TOPH3OHTAaJIbHOH 4H | 
KOCOH pa3HbIX HakJOHOB (15—50°). MomHocTb cloeB KOmeOneTca or 20 JO} 
30 cm B ofHUXx Hu 0,3—5,0 cM y Ipyrux MayeK C YepeOBaHHeM CIOeB pas/IMUHOTO | 
JMTOnOrHYecKorO cocTaBa. [paHuIbl NMepexOQOB Me@xKY COAMH POBHBIe 1 OT- | 
YeTIMBO BbIPaxKeHHble. OTOT KOMIVJICKC HaMH BHavae OTHOCHICA K OTIOKe- | 
HHAM TIpHOpexkHol actu osepa. Ho mpaBusbHee, nomalyli, aHHble ocaKn | 
CUHTATb OTMOKEHHAMUM AIbTbI O3epa. OsepHo-nOMeHHbIe (balluu B YTeHOCHO! | 
TOME HMeIOoT mpeoblaqaioulee 3HaUeHHe. 

Panuu Oowor. B cocrape 6onoTHEIX oOTJOXKeHUI NpHcyTCTByrOT | 
AJICBPONHTbI, APTHJIMTHI, HX YIVIMCTbIe pasHOCTH H MacTbI yruiel. Topogpr | 
9TOK Tpynnbl OOaaoT HanGOO/bUIMM 3HAYeHHeM, Tak KaK C HUMH CBA3AaHBI TIpo- | 
IleCCbI TOPPOHAKOMMeHHA WH OOPasoBaHUs MacToB yrs. B  6onoTHBIXx panuax | 
BbIJCIAIOTCH OTOKEHHA OONOT Ge3 TOpdoHakoneHHiaA Hu GoOT c TOpoua- | 
KOMJICHHeM. 

AneppomTst M aprMJvIMTbI ABMAIOTCA JOMMHUpyoOuMH. Mu caaratorca | 
Oolee BEICOKOPaCnOMOXKeHHbIe YaCTH MaKPOpUTMOB. CocTosT OHH 3 MeIKO3ep- | 
HHCTbIX H TOHKOOTMYYCHHBIX 3@JIEHOBATO-CepbIX, CePbIX, TEMHO-CePbIX WH MOUTH 
YEPHbIX, HeCJIOHCTHIX MOPON, OOsaaioulHyX KOMKOBAaTBIM COKeHHeM. Oxpacka 
TOPO 3aBUCHT OT CTeMeHH HacbILeCHHA HX YPIHCTbIM BellleCTBOM. Coptuposka 
TEPPHTeHHOrO MaTepHasla B HX cma6aa. JIyumei coprupoBKol obmamaror r0- 


POAbI NAHHOH (halluu B LypalickoH u TonrpuHHcKol cButax. B cocrase mopox 
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yaOmonatorcs pereHepHpoOBaHHble OOJIOMKH KBaplla u HAMOMOPdHBIe HOBOOC- 
}a30BaHHble 3epHa CBexKerO MHKPOKJINHA. 

)) Aprusutoppie pa3Hocru MpeAcTaBseHb! OObIMHO TOHKOKpucTaHYecKOli 
/eIHTOBOH MaCcOl, nponuTaHHOH OypbIM, pasOxXUBIIMMCA OpraHuuecKuM Be- 
“iecTBom. [leavTopast Macca B HHX COCTONT M3 KPHNTOKpucTasauyecKoro Kao- 
euHutTa. B ocagkax HaOmiofalorca xKeBaKOOOpasHble, mocKHe U JIMH30BHI- 
HBIC KOHKPCHMH CHACPHTOB H OypbIX %Xee3HAKOB UM OOYTVICHHBIX pacTHTeVIb- 
(bIX OcTaTKOB. Ilo KommeKcy NpH3HaKOB 9TH OCAXKH OTHECeHbI HAMM K (palluaM 
womoT 6e3 TopdoHakonvienus. 

| Pann Sonor c TophonakonJeHnem mpeycraBneHnbl yruismu. Yrau rymycospie, 
MlepHble, OecTalMe Hu MOmy6mecTAMMe, MIOTHBIC, C PaKOBHCTbIM 1310MOM. 
MukpockonuyecKoe n3yueHne, mpopefenHoe H. 9. Babu, nokasano0, uto 
VIM NPeCACTaBJIeHbI KJIAPCHOBbIM MH KJIaPCHO-JOPeHOBbIM COCTaBOM UH O61aato1 
HIOOCUATLIM HIM OMHOPOMHbIM cTpoeHnem. Ilo creneHu yraecbuKaluu oHnU 
MIBIIAIOTCA KAMCHHBIMH, CJ1aOOCHeKAIOUIMMUCH HW CIeKAlOUMMHCH, MPHrOLHbIMH 
WIA MeTaJJlypruyeckoro TonMBa. B 3aks10ueHHe OTMeTHM HeKoOTOpble OGLE 
(I€PTbI yIVICHOCHbIX MOpOA, XapakTepH3ylOWWHX CTaQMH NpoleHHorO uMu pas- 
BUTHA. YIJICHOCHbIe OTMOXKCHHA OOMaLalOT BbICOKOM MOTHOCTbIO UM TBEPAOCTHIO 
f1opoy. B page aneBpHToBbIX c0eB HaOwOaloTCA *KeIBakOOOpasHble H JIMH30- 
|SHLHbIE KOHKpellMu cuyepuToR uv Oyprix x%ene3HIKoB. []pucyTcrByioT HOBO- 
joOpas0BaHuA HAMOMOPM@HBIX HW CBEXKUX 3epeH MOJIEBbIX WMAaTOB H BTOpuyHble 
(POpMbI pereHepHpoOBaHHbIX 3epeH KBaplta. Ormeuatorcs ABMeHNA NepeKpuctTaz- 
yIM3allMU WeMeHTa, C pasBHTHeM B MOpOkax BTOPHYHOFO FHAPOCMOMUCTOFO Kavb- 
JUMTOBOrTO HW OCOOeCHHO KpeMHNCTOFO IeMeHTa. 

} CrpykTypHble, TeKcTypHble HM Mpoune MHTOreHeTHUeCKHE MpH3HakH CBU Je- 
|TEJIbCTBYIOT O TOM, YTO YrJIeCHOCHbIe OCaKH B CBOCM Pa3BUTHH MPO cTaquio 
jquarenesa (°) wu HeCyT CeMbI NOCMeLyIOULlero STIMFeHETHYECKOFO UX H3MeHeEHHS ('). 
HakonuieHue ocayka mpoucxoquso B 30He OOWIMpHOrO KpaeBoro npornéa 
B YCJOBHAX CueqyIouleH maseoreorpaduyeckoH OOcTaHOBKH. OTOKeHUA avl- 
JNOBMAJIbHBIX O3CPHO-NOMMCHHEIX HM COMOTHBIX (alii OOpeqMHAIOTCH B KOMIVICK- 
CbI (alu, un cepsun (°). Bpiemtatorca cepBHH PeUHBIX JOJHH, CepBHH O3ep 
C Pa3BHTHEM 3aCTOMHbIX BOMOCMOB UH JeJIbT; CepBHU OosoT. OOcTaHOBKH cepBuit 
rpymnupyrortcs B 6oslee KpynHble WaHAwiapruble CMHWUbI, WIM HHMHM ropHOro 
‘ckI0OHa (pacno.10x%KeHHOrO B OGNaCTH MpHMbIKAaHHA K CTaHOBOMy MOZHATHIO, 
‘AaJJNOBHasIbHOH PaBHHHbI WH OsO-cKOHa) —MONOrOH, Mpuserawlleh c ceBepa 
‘yacrH AwjaHcKoro UTA. 

| Komnuekc HuMHi CocTaBJseT (bOpMallvI0 MaTepHKa, B OOCTaHOBKEe KOTO- 
poro HU Mpoucxo_UO HakOMeHHe yreHOCHBIX OTNO%KeHHH LOxHOK AkyTuH. 


had 


Jla6opatopua reomorHH yrJA Tocrynysio 
Akayemun Hayk CCCP 8 X 1958 


WMTUPOBAHHAA JIMTEPATYPA 


1 J]. H. Botpuukuna, Tp. Hucr. reon. nayk, B. 139, yrombu. cep., Ne 4 (1953). 
210. K. D-3sepanosckuit, Cos. reon., Nel (1940). 310. K. i3epauHoe 
cKkuii, Matep. BCETEH, o6m. cep., Ne 9 (1949). 4A. T. Koccorckas, lel, JBy 
Jlorspuneuko, B. J. Ilytos, JAH, 116, Ne 2 (1957). TAL 1B. Haaupkud, 
Yuenne o cbauusx, 1 u 2, U3q. AH CCCP, 1956. SOPeMen Geri pea xtolB aisha Ahi CeCe, 
cep. reom., Ne 11, 15 (1957). 


655 


Jloxaayp AkajemMun Hayk CCCP 
1959. Tom 124, Ne 3 


(EOJIOPH 


v. A. KOPOBKOB 


HOBbIE JAHHbIE 0 ®AYHHCTHYECKOK XAPAKTEPHCTHKE 
BYYAKCKOH WH KHEBCKOM CBHT WOKHOW YKPAWHDI ; 


(IIpedcmaeazHo axademuxom C. H. Mupoxosoim 20 1X 1958) 


B 1956 r. riaBHbIM reotorom }OxHO-YKpaHHCKON FeosOrMyeCKOH IKCHEeLH 
win 1O. B. Baccom Onlin mepeqaubl MHe (JIA H3YYeHHA KEPHbI MHOPOUNCJICHHEI 
OypOBbIX CKBaxKHH. B mpotecce ompeyeteHua BuoBoro cocTaBa MOJLTIOCKOH 
3 VKa3aHHBIX KePHOB IMOTBep2xKeHO WIMpOKOe pa3BHTHe Ha TeppHTOpHi 
lOxHo YKpanHsl mopox OyyakcKOli, KHeBCKOM u XaPbKOBCKOH CBUT. Ycta 
HOBNeHO, UTO BHJOBOM COCTaB MOJI.110CKOB Oy4aKCKOH Hu KHEBCKOM CBUT 3][eC’ 
"MeeT CYILeCTBeHHbIe OCOOeCHHOCTH BHAOBbIX aCCOWHallMi, XapaKTepHbIX JW 
3THX CBHT, Pa3BHTBIX B GOozee ceBepHBIX palioHax. IIpu MoHOrpatpu4ecKoN 
H3VUeHHH MOOCKOB OyyakcKOH uw KueBCKOH cBuT IOxHOH YkpanHbl Obi 
oOHapyXKeHLI BHbI, 10 CHX MOp He HaXOQHMBIe B MasIeOreHOBbIX OTO*KeHHAY 
‘CCCP, a TakxKe 3HICMHUHbIC BHIbI H Pa3SHOBHAHOCTH. 

Buosoii cocraB MOsm1OCKOB Oy4akcKOH cBuTHI FOxwKHOL Ykpanuel cpaBHH 
TeIbHO OeqeH. OH BKOUaeT CTeTyIoUuNe 36 BHAOB WH pa3sHOBHAHOCTEeH, mpuHant 
neKallux K 21 pogy: Collonia aff. marginata Lamk., Tympanotonos cinctu| 
Brug., Tympanotonos nostratus sp. n., T. nostratus sp. n. var. mutabilefor} 
mis var. n., T. nostratus sp. n. var. mira var. n., T. nostratus sp. n. vat} 
multisuleata var. n., T. nostratus sp. n. var. exacta var. n., Potamides an 
sulosus Lamk., Pyrazus multivaricosus sp. n., P. cf. angulatus Soland., ort 
thochetus leufroyi Desh., Turritella imbricataria Lamk., Calyptraea apert: 
Soland., C. lamellosa Desh., Hemiconus sp., Roxania sp., Lucina cf. elegan 
Defr., L. sulcata Lamk., L. albella Lamk., L. cf. consobrina Desh., Telling 
rostralis Lamk., Laevicardium porulosum Soland., L. gigas Defr., Pitar he: 
berti Desh., P. triquetrorotundus sp. n., P. nitida Desh., Marcia secund 
Desh., M. deleta Desh., M. bernay Cossm., M. texta Lamk., Linopsis granu 
lata Lamk., Trinacria media Desh., T. crassa Desh., Anomia tenuistriate 
Desh., Ostrea sp., Corbula ficus Soland., Sphenia cuneocorbuloides sp. n. 

H3 nepeyHCeHHBIX BHZOB 13 BnepBble KOHCTaTHPOBaHbI Ha TeppuTOpAHh 
‘CCCP, 4 3HJeMHUHBIX BHJa, OJHH M3 KOTOPBIX uMeeT 4 pa3sHOBugHOcTH. Kav 
M0Ka3a.1 aHalH3 cCTpaTurpaduyeckoro pacnpocrpaHeHua BHOB, BCe OHH 
(3a HCKOYCHHEM SHICMH4HBIX) BXOAAT B KOMMJICKC, XapaKTepHbIii AA cpeqHe 
SOWeHOBBIX OTOKeEHHH SanazqHon Esponni. VutepecHo oTMeTuTb, uTo 4 Buna 
Obl BCTPeveHbI B alalickoH cBuTe Cpequei Asuu, Take orHocsuelica Ki 
cpeqHemy S01leHy. HecoMHeHHa TeCHas CBA3b aHHOrO KOMIIeKCa ¢ 6yuakCKHM 
KOMINWI€KCOM Oolee CeBepHBIX PpalioHopB YVKpanHbl. Sra cBa3b BbIpaxKaercs 
B Hamiunn 11 o6mHx BuzoB. Menee tecHad cBa3b oOnapyxKuBaetes 
C KOMMJI€KCOM BHJOB KHeBCKOM CBHTbI, a elle MeHee — KaHeBCKOH CBHTHI. 
XapakTepHo, 4TO B Mopomax Gy4aKcKoit cBuTHI ]OxHoli YKpanHbl BCTpeyeHbl 
TOIBKO MOJIJIOCKH H peqKHe MeiKHe cbopamuHudepyt. 

SHauHTeAbHO Gonee Soratnlit u Gomee Ppa3sHooOpasHbli cocTaB (bayHbl KHeB- 
CKOH CBHTbI. 3eCb MOMHMO MHOPOUHCACHHBIX MOJIIOCKOB BCTpewaloTca B 60/b- 
OM KOIHGeCTBE MeIKHe POpaMHHHepbl, a TAKKE, XOTA HM PexKe, HYMMYJIMTHI. 
“pean mMocieqHHX MHOIO onpegzenenpt: Nummulites varialarius Lamk., N. 
all. varialarius Lamk., N. incrassatus de la Harpe, N. orbignyi Gold., N. 
globulus Leym. (onpeyeneHue moceqHero Buta MIPpOH3Be7eHO MO OHOMY 9K- 


Ha6 


EMIWIADY H HyAKaeTCH B NOATBepweHHH). Kpome Toro, B nopoxax KHeBCKOIi 
BUTHI BCTPeyeHbI MpeACTaBUTeIM CJleAyIOulMxX py opraHu3mos: Flagellata — 
soccoli thophoridae; Coelenterata — Heliastraea, Dendrophyllia, Balanophyl- 
ia; Echinoidea — o610mKu nanubipel u urabi; Vermes —tTpyOxu Serpula, 
pM€AbI WKU3HefedTebHOcTu; Bryozoa — oOppiBKu ceToK Membraniporidae; 
3rachipoda —Cistella (=Argyrotheca) cornuta Desh., Crustacea — muoro- 
MHCICHHBIE OCTPaKO/bl, 10 onpegeneHuio M. HM. Mangenpurrama BKr04uaromue 
pcizocythere depressoformis Mand., S. quoxidiana Mand., Trachyleberis fla- 
pelis Mand., T. scabra Mand., T. macropora Bosq., T. favorabilis Mand., 
.. sigmoida Mand., T. fistulosa Mand., T. vicinalis Mand., T. optaxis Mand., 
r. finitiva Mand., T. limbata Bosq., T. alternis Mand., Aequacytheridea 
listenta Bosq., Potocypris ovalis Mand., Bairdioppilata bulloida Mand., 
3. uniformis Mand., B. uncasa Mand., Bairdioppilata sp.,; Crustacea — 
OOMKH MaHilbipeH um KJewHuU Kpa6os. B ofHOM 3 KepHoOB OOHap y2KeHbI 
peratku Harpactocarcinus sp.; Pisces — yey Memkux pbi0, 3yObI aky.1bI (uMe- 
jorca 3yObt Odontaspis). Cpegqu MHorouncaeHHBIX MOJJOCKOB MOHOrpaduyecku 
[3y4eHbI CeNyroulve BUAbI: Fissurella incerta Desh., Tectus margaritaceus Desh., 
xibbula sp., Delphinula calear Lamk., Nerita angistomoidea sp. n., N. an- 
fistomoidea sp. n. var. raricostata var. n., Turritella imbricataria Lamk., 
[. oppenheimi Newton., Mesalia nicopoliana sp. n., M. nicopoliana sp. n. 
var. elongata var. n., Tamiris ukraine Mich., Vermetus spiruleus Lamk., 
\mpullina patula Lamk., Sinum clatratum Gmelin, Calyptraea aperta Soland., 
3. lamellosa Desh., Xenophora agglutinans Lamk., Trivia sp. (T. aff. pedi- 
tularis Desh.), Eocypraea inflata Lamk., E. globularis Edw., Rimella fissu- 
fella rimosa Sol. var. labrosa Sow., Athleta depauperata Sow., Athleta su- 
Juralis Hyst, Athleta sp., Clavilithes noae Chemn., Hemiconus sp., Roxonia 
p., Nucula subovata Orb., N. mixta Desh., N. bisulcata Sow., N. similis 
sow. var. trigona Sow., Lucina cf. menardi Desh., Codakia (?) concentrica 
j.amk., Corbis lamellosa Lamk., Chama lamellosa Lamk., Ch. calcarata 
amk., Tellina striatissima Desh., Laevicardium porulosus Soland., L. ex 
ir. granulosum Desh., Laevicardium gigas Defr., Nemocardium parille Desh., 
jAstarte nystana Nyst, Crassatella fuchsi Slodk., C. gibbosula Lamk., C. ex 
\sr. plumbea Chemn., Cardita inexplorata sp. n., Carditasp. (C. «crassa» Desh.), 
\. acuticostata Lamk., Glans calcitrapoides Lamk., Miocardiopsis carinata 
esh., Pitar sulcataria Desh., Atopodonta conformis Desh., Marcia texta 
iamk., Arca biangula Lamk., Barbatiasabuletorum Desh., B. appendiculata 
»pow., B. scabrosa Nyst, B. (Plagiarca) lucidoides sp. n., Barbatia sp., Pec- 
junculus pectinatus Defr., Limopsis granulata Lamk., Vulsella angusta 
Desh., V. deperdita Lamk., V. minima Desh., Pinna cf. margaritacea Lamk., 
Pinna sp., Anemia sp., Chlamys solea Desh., Ch. cornea Sow., Ch. infumata 
vamk., Ch. biarritzenesis Arch. var. subtripartita Arch., Ch. multistriata 
Desh., Spondylus radula Lamk., S. bifrons Miinst., Sp. buchi Phil., Ostrea 
bx gr. plicata Sol., O. bavarica Mayer var. kievensis Korob., O. cymbiola 
Desh., Gryphaea gryphina Lamk., G. gigantica Sol., Modiolus modioloides 
3ell., M. elegans Sow., Corbula aulacophora Morlet, C. ficus Sol., C. lamarcki 
Desh., Dentalium grande Desh., D. fissura Lamk. 

BOubUIMHCTBO 3 Tepe4YHCJIeHHbIX BHAOB OOHAPyxKeHO B HH2KHHX COAX 
‘MeBCKOM CBUTHI. ITO MpeHMYIIeCTBEHHO BUbI, PaciipocTpaHeHHble Kak B Cpe 
J@901CHOBBIX, TaK HM B BePXHe9OIeHOBLIX OTNOKeHHAX SanaqHoH EBpomnpl. 
Tpeyqu HUX MMeIOTCA BUSI, XapaKTepHble WIA MeqcKoro Apyca AxaJIMHXCKOrO 
yationa Tpy3nu u pasa palionop YxKpauuHbl. 3yecb 2%e OTMeUeH Nummulites 
varialarius Lamk. . ¢ 

Bepxuue COM KHEBCKOM CBUTHI COeprkaT MeHee PasHOOOPasHbI KOMITIEKC 
3HJ10B MOJWJIIOCKOB, B KOTOpOM Ooupuiee 3HaueHHe MpnoOpeTaioT MOHOMHAapHBIe 
{BYCTBOPKH, a B WeOM — BUH, OObMHbIe LI BePXHHX TOPH30HTOB BepXHe- 
Z0ILCHOBLIX OTO*KeHHM Kak SanaqHou Expporbl, Tak u COEP: 
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A. A. KPbIJIOB, 10. HW. CHJIMH u A. B. JIOBLIOC 


BO3PACT TPAHHUTOHOB CEBEPHOH 30HbI TAHb-LWIAHA 


(IIpedcmaenexo axademuxom J]. H. Mlep6axoseim 25. VIII 1958) 


Jina cepepHoli 30Hp1 Txub-[[laHa jo nociequero BpeMeHH OyOJIMKOBA- |} 
HO TOJbKO HeOObUIOe 4YHCNO ONpemeeHHH BOSpacTa NOpOA aprOHOBbIM Me- 
togom (25). Ora pesybTaTbl OTHOCATCH, raBHbIM OOpasoM, Kk paiony xpeOta} 
Tepcxeli-Anatay. UacTb u3 HX Oblwla NOJIyueHa Oe3 aHaJIM3a M3OTONHOFO Co- 
cTaBa aproHa, BbIJe/IeHHOFO 43 MOPOL, u, CueJOBaTebHO, HEJOCTATOUHO OOOCHO- 
BaHa. B HacTroaulee BPeMA MbI pacnOJlaraeM 3HAYHTeIbHO OOJIbLUHM MaTepHa- | 
Jom. Avaiu3bl CeaHbl c oOmpeseseHHeM H3OTONHOrTO cocTaBa aproHa, HO OHH} 
MO-IpexKHeMy OTHOCHATCH K MOpOdamM, a HE MOHOMHMHEepaJIbHbIM (paklusAM. 

IIpuMeHeHve HenocpesCTBeEHHO TOPHbIX MOpOA WIA onpeeseHHA UX BOs- 
pacTa aprOHOBbIM MeTOJIOM HHOra BBISbIBaeT BO3PaxKeHHA. OTH BO3PaxKeHUE | 
OCHOBbIBaIOTCA Ha TOM, YTO MO CJIOAaM HW MOJeBbIM lLuNaTaM, B3ATbIM H3 OZHOTO} 
MW TOFO 2%Ke€ Me€FMaTHTOBOrO TeJIa WIM BbIZeICHHbIM H3 OLHOH WH TOM Ke NOPODB, | 
BO3PacT YaCTO NOyYaeTCA Pa3JIMUHbIM, a2 HMCHHO, MO cwl10,aM, OCcOOeHHO MO} 
MYCKOBHTY, BO3pacT OObINHO BEIUe Ha 10O—20%. B cBa3u cC STHM HEKOTOpBIe 
HCCJIEHOBATeIH CUHTAIOT, UTO AIA OMpeeeHHA BO3PacTa aprOHOBbIM MeTOJOM 
MOXKHO IIPHMCHATb TOJbKO CJIOAbI, MOUeBbIE X%Ke WMaTbl HTPaHHTOHAbI awr 
3aHMKeHHbIM BO3pacr. 

B rpaHnuTonfaxX YvlaBHbIMH KaJIMHCOepKallluMH MHHepaslaMH SABJIAIOTCH | 
MOJIBbIC LWMAaThI H CJOMbI, MPHYEM POJIb NEPBbIX BO MHOFHX CyYaAX SHAUMTEIIB- | 
HO Ooubme. Hekoropble rpaHHTOHAbl BOOOUe He COMepxXaT CJIOAL, a TaM, rye 
OHa e€CTb, — ee OObIMHO MEHbIUe, YEM MOIEBLIX WNaTOB. TeM He MeHee yxe 
ceHuac MOJYyYeHbI COTHH OMpeeJIeHHH BOSpacTa HeNOcpeACTBeHHO NO rpaHHTaM, | 
MpH4eM Pe3sy/bTAaTb! [WIA TpaHHTOB OAHUX H TeX Xe MaCCHBOB H OJHOBOSpacr- | 
HbIX HM TpaHMTOB APyrHX MaCCHBOB, Kak IIpaBHJIO, JOBOMbHO 61M3KH Me*Ky 
codon. KoneOaHus Bospacta 3yecb OObMNHO He Gombe (a B pafe cyuaeB 
MeHbINe), YM Avis JOGOOro Apyroro MeToqa Hu MHHepasa. CreqoBaTembHo, pe- 
3yJIbTaTbl, MOMYYCHHbIC TO NOpOAaM, yCTOHUMBbI H XOPOLIO CpaBHUMbI MEKLY 
codon. 

B aHHOH CTaTbe Mbl MPHBOAUM peSyJIbTaThI OMpeseeHHA BOSpacTa rpaHU- 
TOHLOB CeBepHOH 30H! Taub-[lana, noulyyeHHble HenocpeycTBeHHO MO MOpoxam 
aprOHOBbIM MeTOZoM (Ta6a. 1). B cesepHom u wWeHTpanbHom Tans-Iane pac- 
MpOCTPaHeHbl IIPCHMYILeCCTBEHHO KaJI@MOHCKHe TPpaHHTOUAbI, CocTaBJAIOUMe, 
BepOATHO, Oomee 90% Bcex rpaHHTOMAOB AaHHOH 30HHI. Cpenm KameqoucKux 
PPaHHTONAOB MpeoOMaaioT cepble, YacTO NOpPupoBuAHble rpavwUTb! u rpaHo- 
AMOPUTbI NepBOH *asbl (OCHOBHBIX MOpPO MbI 30eCb He paccMaTpuBaem). Tpann- 
Tbl BTOPOH (ba3sbl — KpaCHbIe€ aJIACKHTOBBIC, BHEWIHe BeCbMa NOxoKue Ha rep- 
HHHCKHe TpaHuTbl, YTO YaCTO NPHBOAMT K HeoOpasyMeHHAM MIpH oNpeweneHuH 
HX Bospacta. 

PepuwHckKue rpaHuTONAbI NpeACTaBJeHbI avlsCKUTOBBIMH rpaHuTaMu, rpaHo- 
CHCHUTaMH M CheHuTaMH. J[peBHHe mporeposolicKue rpaHuTbl BCTpeualoTca 
AOBONbHO petKO. BosMoxKHO, 4YTO 3TH TpaHUTbI uv HE NpoTeposolickne, a HUKHE= 


NaleosoucKue (cananpcKne). IlpenctaBnenst ony cBoeoOpasHbiIMH, MHOrga 
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Taobanmrat: 
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= m 7 
5 = 
tenes ig 
MectTo B3aTHA 06 SY ‘ S a 06 K, % = oi 
pasos Kn a es Mecto s3atTus O6pa3suoB si so 
Digs cate 
<|a5 2  S 
t 
. Tpotrepo3o0fckne (9) (canaupcexne) 6) Kpacnpie rpanutsi 
rpaHuTougd pb 
rf 
lepcexeli-Anaray, Cappi-HoKac |3,85)8,27| 465)Koxomepen 3, 83/6 , 36). 370 
, Cepcxeli-Auatay, Otryk 3,26/7,9 | 510/Koxomepex 3,9415, 44! 345 
(Lepcxeli-Anatay, Ortyk 3, 72/8, 67| 500Koxomepexn 4, 27/6, 94) 360 
q<upruscxui xpe6et, Ax-Uyanak |3,52/8,37| 510|Kapaxnue 4, 24|7 ;03) 370 
Kepereratt 2, 8113792) 313 
Cpeynee sHaueHHe Bospacta ~ 500 man. s1eT aS 
Kynrett, Auatay i 
ll. Kameqzouckuwe rpanutTougu 3 an 
aHOAHOpHTHI 
Tepcxeli-Anatay a) CADE PRaaney 5 aT paHOA i be sai aar 
a) Ceppie rpaHuTbl uv rpaHo_uNopHTHt K ypymay 2,56 3,79}, 335, 
Tauqpicy 3, 64/5, 15} 310 
Kaparymxyp 349/514] 330|Kyrepra 3, 8415 69}: 335 
a6 at 4,7017, 28] 345 si nee i i 
Toccop 3.241462) 325 Lee aon ; 4 
|BapcxayH 3,43]5,09] 330\Kypymay \3,95]5, 76), 325 
Bapckayu 3,01)4, 82) 355 Sagi 
T>kprprasau Old\On Lol a4 Saasmuiickun Amatay (ceppie 
jlyprenp SAM 4O| OOo TpaHuTbl HW rpakoMOpHTs!) 
Typrenb 3,25/4,96) 340/Mq_ Anmaatunxa (open)  |2,92/4,42| 340 
(Xp. Tepcxe Anatay >-|M. Aamaatunka (Mezeo) 2, 20|3, 63] .365 
(cOopras m1po6a) 3,08)9, 31) 335/65 Anmaatunka (zepxoBbe) 386/639] 365 
j B. Anmaatunka (cpegu. Teuenue) |2,16]3,56} 365 
6) Kpacusie asic kTOBbIe rpaHHTEt B. Aumaaruuka (cOopu. mpo6a) |2,42/3,88] 355 
K ypaatt 13,45}5, 34] 360 
Ibxatsi-Ory3 4,406 ,19} 320 ‘ 
JDxKartpi-Ory3 4,45/6,03] 310 Kuprusckul xpe6er 
JD>xKarpi-Ory3 3,52]5, 20} 340 a 
ee anea-Orys 39415.72| 330 Ceppie rpanuTbl H rpaHoxMopHTel 
Bapckayn 4,40)6, 73) 340 Gopiiaa mpo6a) |2,07/3,30) 355 
Bapcxayx BS Gravity 19 CIS eat bee Nee Od a 
Toccop \4,18)5,73) 310 Coonanii Bospacr KaseqoucKHx rpaHHTouoB 
CoryTbt \4,14)7 25) 376 in : ~ 340 MJH. JleT : 
Ana6atn 14,42)6, 23] 320 
Asna6aul 4,97 lee 330 Ill 4 : oH 
Cappr-Bysak 3, 15)4, 70 335 . Tepuuuckune rpaunrougp 
Cappi-By,iak 3,18 4,83 a Cappi-Matinak, rpanuT asackuT |3,28|/3,66] 255 
Cappi-By1ak ere ey 3 Cappi-Matnak, rpaHut aiacxut |2,71/2,93\ 250) 
Cappi-By1aK 3, 32/0, 2! 398 Cappi-Matinax, mermatuT 4,40|4,65| 2409 
Cappi-B yak 3, 76)5, 43) 320 Cappi-Maiinak, rpanut (cOopnaa ‘ 
T1po6a) 4,10/4, 64) 266 
CycaMbip Optoroxoli, rpaHut-asckut |2,41/2,35] 240 
a) Ceppie rpaHuTbl H rpaHowHopurel | OptoroKkon, TpaHHT-aJACKUT 3,98 4,28) 250 
OprorokoH, CHeHHT cepbiit 6,2917,45| 270 
Oprotokol. cHeHHT  Ceppilt 7, 00/855} 270 
Aunk-Tau A e4 ee Bot Kox-Maiinak, PpaHocHeHHT 4,07/4, 65} 240. 
TypakaBak 3,20 5,02 350 Kox-Matinak, rpaHocHeHuT 4 88/6 04! 280. 
Ary.iak 3,12)5, 01 doe Ak-T1o3, TpaHHT aJIAiCKHT 3, 92/434] 255. 
Kepereraul 3,37)9, 59 360K acteK, TpaHuT aJACKHT 3, 81/4, 24] 255. 
Kacrek, CHeHHT 6,14/7 02} 260) 
Cpequuit BospacT YTepwWHCKHX paHHToRsoB: 
260 MJH. net 
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Cila6o rueficosnyubiMa pasHocramu. Mbt onpoOoBain TOJbKO Ba yuacTKa 
TaKUX rpaHUTOB: B patoue Cappi-J}«Kac (Tepexeli-Auaray) n y Ax-Uyviaxa 
(Baraguaa uacrb Kuprusckoro xpeora). 
Tpoananu3supoBaHuble HaMM mpoObl HefocTaTOUHO PaBHOMEPHO paciipene-) 
JIeHbI MO TEPpUTOPHM CeBeEPHOH 3OHbI Tanb-[llaHa, HO OCHOBHbI€ PaHOHbl UMH 
B KaKOil-TO Mepe oxapakTepu3oBaubl. IIpewye Bcero cileqyeT OTMCTHTb CpaB-) 
HUTebHO OM3KOe COBNasenNe ONpeseeHHA BOSPacTa MIA PPAHHTOMAOB KarkNO-| 
ro WHKJa. | 
Kak BugHo v3 Ta6n. 1, Wake KpalHve OTKJIOHeCHHA OT CpeAHero SHANeCHHAS 
Bo3pacta cocraByisioT He Gomee +10%. B OompulMHCTBe 2%Ke CyyaeB COBMasle- 
HHe Pe3YMbTATOB 3HAYHTeCIbHO JyUIe MH HE BbIXOMMT 3a MpeevIbl +3—5%.| 
Takum O6pa30M, MBI BMOHe YBEPCHHO MOXKeM PaCWICHATh TPH HHTPY3SHBHBIX f 
iukKsla B CeBepHolt 30He TaHb-[laHa uv QOcTaTOUHO HaexKHO NapaseM30BaTb| 
OMHOBO3PACTHLIE FpaHUTOUAbI PasJIMUHDIX CTPYKTYPHbIX YacTeH STO 3OHBI.} 
[panutb: mepporo WukJa («mpoTeposolcKne» HJ «calaHpCcKHe») OnpesesieHh| 
HemocTraTouHO TOWHO. JlaHHBIX 3],eCb MaJIO H MOPObl HECKOJIbKO H3MCHEHBI. | 
Bo3MOKHO, YTO HX BO3PaCT HECKOJIbKO 3aHHKeH. | 
Caeqyer OTMeTHTH, YTO BOSPacT BHIUMCTeH MO cTapoi KoHcTaHTe OQ. K. Tep-| 
auura (*) 4» = 7,02-10-" rog-t. EcaH MpHMeHuTb HOBYy!O KOHCTaHTy 
he = 5,57 - 10-14, ro 3HaueHuA BO3pacTta nopox SyzyT Sombure Ha Y—8%.| 
B saKkuouvenne cilefyeT OTMeTHTb, YTO MOJYYeHHbIe BO3pacTbl TpaHHTOB} 
Kaseqouckoro Wuksia nopszyka 340 MJIH. sleT XOpOWIO COBNayaloT C MHOrHMHK 
onpemeyieHHAMH BOspacta MeTaMopduyecKHX MOopox WanHoro palioHa. Kpome 
TOrO, MHOPOUNCJIeHHbIe ONpesemeHHA BO3pacTa aPKO3OBbIX TeCKOB HM Mecua- | 
HUKOB, OOPa30BaHHBbIX M3 KaJleOHCKHX FpaHuTouzoB TaHb-Llana, Jamu Te xe | 
3HaueHua mopaaKa 340 MaH. eT. Stu BOMpOchl OyAyT H3JIO*KeHbI B CHeMMaIb- | 
HbIX CTATbAX. SJeCb MbI YNOMMHAaeM 3TH (paKTbI B CBA3H C TEM, YTO TaKaH OJHO- | 
3HaYHOCTh HM YCTOMUMBOCTh BOSPaCTHbIX 3HaYeHHH JIA pa3sIHYHbIX TpaHHTO- 
HOB OHOTO WuKa, CBA3AHHbIX C HHMH MeTaMOpduuecKHX MOpO u OOpa- 
3OBaHHbIX H3 HHUX KJIaCTHYeCCKAX OCaAKOB YKa3bIBaeT Ha CAaMOCTOATEJIbHOE | 
3HayeHHe MH WHPOKUM KPyr MpHMeHeEHHA pesyJIbTaTOB OMpeweseHHA BOspacTa 
HeNMOCpeACTBEHHO MO mMOposaM. 
Paoora BbiInomHeHa B JaOoparopnu HM. E. CrapuKka, kKoTopomy aBTOpBI 
BbIpaxKaloT HCKPCHHIOIO OarOfapHOCTbh 3a COBeTHI H MOMOIILb. | 
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19. K. Fepauar, M. J. dmeuxo, F. Mt Epmoaun, B.T. Bap eae 
Tp. 3-1 ceccuu Komuccuu mo onpegemenmio acOomloTHor Bo2pacta reomorMuecKuXx dopMaun, 
M., 1955, crp. 16. 2 A. A. Kpsraos, tam xe, crp. 112. 3 A. A. Kpuaos, H. B. 
Bapanosekaas, Tp. 6- ceccun Komuccuu no onpemenennio adcomoTHoro Bo3pacta, | 
M., 1957, crp. 22. A. A. Kpsraoe, H. B. Bapanosckag,Tl. Il. Josnwe, 
Tp. 5-ii ceccun Komuccuu mo onpenenenmio a6comortuoro pospacta, M., 1958. 5 TL. U. Ul e p- 


6©aKko B, Tp. 4-4 ceccnu Komuccuu no ompenenenuto a6comoTHoro Bo3spacTa reomorHyeckHx 
«<popmaunit, 1957, crp. 14. 
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IIETPOrPA®UA 


M. Il. BACKAKOB 


®OCPOPHTOHOCHBIE PAUMH B MAJIEO3OE KbI3bIJIK YMOB 
(IIpedcmaeaexno akademuxom H.C. Iamcxum 17 IX 1958) 


Bupto3a B KbisblvikyMax OblJia H3BeCTHa yKe B Jaylekue Bpemena. Hauuune 
/4peBHUX BbIPaOOTOK B pakone TaMjbiray yKa3biBaeT Ha TO, YTO B MPOUWIOM 
poBoszusIucb HU MoObMuHbIe paOoTbl Ha Ouprosy. 

B Hale BpeMsA B CBA3H C MOMCKOBO-CbeMOUHBIMA TeOTOrH4eCKuMH padoramu 


i 


13 KeisbiuikyMax Mpe(MPpHHUMaJIMCb MOMbITKH OOHApy2KeHHA UCXOHBIX chocdop- 


Puc. 1. Pororpaua NomupoBaHHOH NoBepXHOCcTH OOpasila coctbopuToHOc- 
Horo aMaTHTH3HpOBaHHOrO H3BECTHAKA B MJOCKOCTH, MepmeHMKy Ap Holt 
COUCTOCTH 


tboccbopcoyep»Kalive MuHepasbl THIIa aOMOpocPaToR MejH (Oupio3a). OHaKO 
39TU MONbITKH NO MOceqHerO BPeMCHH He LaBaJIM MOMOMKUTCMbHBIX PESYJIbTATOB. 

Hawumu paOoramu B 1956 r. Obiin BHepBble Ant KpisbWIKYMOB oOHapy2KeHbI 
(pocOpuTOHOCHEIe, allaTHTH3MPOBaHHble U3BECTKOBUCTHIC CaHUeBaTbIe TM0- 
pogbl B palione Aymunsatay. DocPopuTOHOCHHle CaHWeBaTHe U3BCCTKOBMCTHIC 
MOpOAbI MpHypoueHbl K BepXHeH YacTH CBUTHI B cumypa. B stow yacru CBHTHI 
MSBeECTKOBUCTHIC, HepeKO OMTYMHHOSHBIe NMOposL mepecsanBatoTcH C KPeM- 
HUCTO-YrlepOHCTHIMH CJIaHaMn. 

Hwxuue uactu cputst B cararoTcs Kp€MHMCTO-KBaPIUMTOBbIMH, MWeCdaHo- 
aJIEBPHTOBbIMH CJIaHWaMi. 

Maxpockonmuecku (pocspopuTOHOCHBIe allaTHTH3H pOBaHHbIe HSBCCTHAKH HMCIOT 
nojocuatyo Tekctypy (puc. 1). KoutpactHad MomocuaTocTbh NOMMCpKUBaeTCA 
yepesoBaHueM (poc(popoHocHoro YepHOrO UBBECTHsAKA C MpOcsONKaMH Oes10ro 
Kambunta. Mectamu Ha6mogaerca MuKporodpuposKa. Tosmna mpocsoHKOB 
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Bapbupyer or | go 10 mm. MoulHocTb UX NO MpocTHpaHnHio, KaK BUAHO H3 puc. 1, 
U3MCHACTCA. | 

Tlog, MuKpocKONOM BCKpbIBaeTCA KPHCTaMueCKad CTPpyKTypa KaJIblluTa, 
MIpHypOveHHOrO TaBHBIM OOpasoM K OeNOH PasHOBHAHOCTH U3BECTHAKA. Macca 
YePHOH PasHOBUAHOCTH CJOMKEHA KOJWIOMOP(PHBIM BeULECTBOM, CpeyH Koropaay 
B OOMMH OOHAPy2KuUBaeTCA PaCKPHCTAJJIM3OBAaHHbIM allaTHT. KpuctadJiby 
allaTHTa MpH3MaTH4eCcKH BbITAHYTOM, UHOTa MPOMOLOOHOH opMBI. Flepeniey 
dOpa3ylor sy4ucTbIe cpocTKu. B OTMe/bHBIX CLyYYaAX BCTPeyaloTCA PasBeTBIAIO+ 
ulvecd Kpuctamibl. Kpucrasibl anaTuta OOulayaioT c1a6o BbIPaKeHHbIM PeJIb- 
eto, GeciiBeTubI, c CepbIMu WBeTaMu MHTepdepenunn. YAINHeHHe OTpHlaTenb~ 
Hoe, ofHoocHBie, N,», = 1,632; Np = 1,629. 

KauecrBeHuad peak BbIeJIeCHHBIX KPHCTaJJIOB allaTuTa Ha cocdop mo10-+ 
*KuTebHad. PeHTreHOBCKUM aHaJIM30M YCTaHaBJIMBaeTCA allaTHTOBad CTPykTypa 
uccyleloBaHHoro docipopHoro MuHepasa. MukpoxuMMyecKHH aHamM3 Ha (oc; 
chop noKasbIBaeT, YTO B YePHOli pasHOCTH MSBECTHAKA NOMOMKUTEILHAA PeakUnsy 
Ha (bocop mpotreKkaeT ueTKO C NOABIeHHeM Oomee HHTeEHCHBHOTO pee 
OKpallMBaHuA B CpaBHeHuN C OeOH pa3HOCTbIO M3BeCTHAKA. CrexTpasbHbIMy 
aHaIu30M MOATBepxaeTca NpucyTcTBue (pocsopa B 3HA4HMTEIbHbIX KOJIMYCCTBAX} 
KaK B YePHOM, TaK Hu B OeNOM pa3sHOCTH H3BECTKOBHCTOH MOPOH. 

XHMHYCCKHM aHaJIH30M B COJIAHOKHCJION BbITAKKe YCTAHABJIMBaeTCA B Cpex-| 
Hell mpo6e uccleqoBaHHoro OOpasila Ha BcIO mpopogy 8,25% P,O;. Cojep»kanne} 
JpPyrHX KOMNOHeHTOB (B MpOWeHTax) BUQHO M3 CJIEMYIOULMX MaHHbIx (mpoba 
Ne 550)*: | 


HepactBopumbilt ocTaToK 14,08 CaO 36 , 860 
Fe,Og 1,64 MgO 2,82 
MnO 0,05 CO2 26 , 64 
P05 8,25 Ilorepn npu npokasineanun 
AlzOs ‘9,80 (CO, +H,0 + opranuyeckan cocTaBastoulan) 28,00 


t 
i 
| 
| 


AxasIM30M OnpedeAeTCA 3HAYHTebHOe CosepmKaHue F, uro JaeT BO3MOX- 
HOCTb OTHOCHTb (coccbaTHBIt MuHepas K cbTopanaruty. 

Cpe aJIeMeHTOB MpHMeceli OOHAPy2KUBalOTCA BaHauli, KOOaJIbT, HHKEJIb, 
Melb, MapraHell, WHHK, CBHHeL, HTTpHH, uTTepOult. 

Onucanuble Hamu coctpopuTOHOCHEle. OUTYMHHO3HbIE H3BECTHAKOBbIe OOpa-| 
30BaHHA B KOMIMWIeKCe C KPCMHHCTHIMH C1aHllaMu 10 CBOeMy THITy OOHapy2KHBa- 
1OT CXORCTBO Cc cociopuToHOCHbIMu awuaMu CKasucrTbix rop u Kaparay (}).| 


Mucruty?t reonoruu Tlocrynuno 
Akayemun waykK Y3CCP 16 IX 1958 


UMTHPOBAHHAS JIMTEPATYPA 


es Ele C. mm aTcKH i, Tes. NOK. copenl. Mo ocaqouHbIM MOpogam, B. 2, Mag. AH CCCP, | 


*Anaau3 npouspeqen E. O, KacbsHoroit. 
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Horuagp Akaygemuu nayr CCCP 
1959. Tom 124, Ni 3 


IMETPOTPA®H# 


C. E. BEPBOJIO3 


HOBbIE QAHHbIE OB H3BEP)KEHHbIX MOPOAX 
BOCTOUHOH YACTH JOHBACCA 


(I/pedcmaeaeno axademuxom H, C. Mamcxum 17 [X 1958) 


lispepxeHHbIe NOPObl B TOpHbIX BbIPAaSoTKax BOcTOUHOLi YacTH JloHeUKOrO 
OacceliHa (Kak Hu BOOOUIe BO BceM OacceliHe) BcTpeualoTca peLKO. 

BnepBple H3Bep2KeHHBIe MOPOAbI B BUe XK KePCaHTUTa ObWIM 30 eCb HaliJeHbl 
B 1909 r. Il. MW. Crenanosbims Bpipa6orKkax Baacosckoro pyQHukKa (HbIHe WaxTa 
«Aptem»)B [laxTHHCKoM paii- 


5 Mauka ange- 
OHe; meTporpaduyeckn OHH gumoboeo 
onucanp B. 1. Opsnoser (?) noppupuma 


u H. A. Vruarpesnim ('). 
B fanpuHelimem, Cc yBe- 
JIMYCHHEM I pOTA»KeCHHOCTH 
TOPHBIX BbIPaOOTOK, HM3Bep- 
2KCHHbI€ NOPOb! Oblwin BCTpe- 
yeHb! HM B Mpyrux waxTax 
pauoHa, a HMeHHO Ha waxTe 
Ne 5 (r. HopowiaxTHHek) vu Ha 
maxte uM. KpacuHa (oKo0 
r. [axtpt). Ha waxte Ne 5 


Fi, 13552 
M3BePXKeHHbIe MOPOAb! GbIIn JA fas wit ¥\ 
“ | 


BCTPeUeHbI B TOPHbIX BbIpa- 
OoTKax 1945—1957 rr. npu 
paspaOorke nuiacra i? «He- 


CBeTae€BCKOrOy, a 3aTeM HH- 
*Keexkalero miacta iz «Jly- 
TyrMHckoroy. I]nact i? yxe 
oTpaOoTaH, H HaOwOaTb _ 9 10 200 300 400 500m 
39TH NOposbl B BbIpPaOoTKAax 
celiuac HeBO3MOXHO. B BBI- 
paOorKax mo mvlacTy is py, 1. Maan POPHBIX BbIPaGOTOK MO MWlacTy tg Cc yKa- 
Jjaika M3BepxKeHHOH MOPObI s3annem pacnomowKeHHA Jaiku auesuToBoro Nopduputa 
BcTpeyeHa BO MHOrUX (uaxta Ne 5, Hecseraescxuit pation Jlox6acca) 
mectax (ykKs0H Ne 1, Tpauc- 
NOpTHbIt uv mOscKOH xogKku, wrpeku NeNe 101, 103, 105, 106 u Apyrue Berpa- 
6oTKu — cM. puc. 1); B HeKOTOpBIX H3 HUX JalKy MOXKHO HaOsIOMaTb MU B HaCTOA- 
mee Bpema. B Bplpa6orkax mo muacTy is OHA MpocsexKeHa Ha PaCCTOAHHU OKOJIO 
700 m. B urpexe Ne 106, rye ona Obla ocmMoTpeHa BecHOH 1957 r., MOLLHOCTb 
ee 110 Hu3y WTpeKa oKo0 2 mM. Kpepxy 2Hula pacienssetca (puc. 2). PKuua 
ABJIACTCA BEPTHKAIbHOH, HO B HeKOTOPHIX MecTax OHa u3srHOaerca. 

Kuda coxKeHa aHe3HTOBbIM MOpdupuToM *, y KOHTaKTa C aprHJJIMTaMu 
NOABepriuuMcA 3HauUTeIbHOMy u3MeHeHnIO. AnJesHTOBbIK NOp@upuT cocTouT 
13 OCHOBHOM MaCCbI_ M BKPamvieHHHKOB. OcHOBHas Macca CJIOxKeHAa HAKOMOp@HBIMH, 


A 


iz 


| 
“| 


* Tlerporpaduueckoe onucakne mopox mpouspegeno C. VM. Masnuvnsim. 
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CHJIbHO BbITAHYTbIMM JeHCTaMH cpeflHero MlarvokJia3a (aHaesHH NeNe 36—38) 
pemuunHol oT 0,08 no 0,25 mM. Onn pas6pocaHbl B OCHOBHOL Macce Gecropa- 
JlOUHO H He MMeIOT KaKOii-MO0 OnpeseJeHHOM OpuecHTMpOBKH. JlevCTb! NOBOMbHO 
CHJIbHO 3AMCLICHbI MAKPO3epHUCTbIM KapOOHaTOM (KaJIbUMT); B TeX, KOTOpble 4 
COXPaHHJIMCb CBEXKUMH, ACHO MpOCMex*KUBAeTCH 3OHAPHOe CTPOeCHHe. Oxuu cu0- | 
*KeHbI JBOMHHKaMM 110 aslbOHTOBOMY, PexKe M0 aIbOUT-KapJICOayCKOMy 3aKOHaM. 

Kpome selicr mmarMoksa3a B HeOO/IbIUOM KOJINYeCTBE BCTpeyaloTca YeLyHKU 
6uoTutTa BeuuMHO no 0,1 mM c xapaKTepHbim meoxpou3sMmom: NV ¢ — KpacHo- 
BaTO-KOpH4uneBbI, VV, — 2KeJITOBaTO-GypoBaTbIii. B OCHOBHOH Macce HepeAku 
BKJIOUCHHA HeMpaBUJIbHbIX, a HHOFa HW HAMOMOPPHbIX 3epeH THTAHOMArHeTHTA 
BeIMUHHOH Bo 0,06 MM, NOJHOCTbIO 3aMeLIL[CHHBIX JICHKOKCEHOM. 

I]pomexkyTKH M@KLy KPHCTaJWIaMH MepeuHCJICHHbIX MHHEPaJIOB 3allOJIHeHBL 
BYJIKAHHYECKHM CTeKJIOM, KoTOpoe B OOpasie Ne 5 mourTH He H3MeHECHO, eCJIM 


3. NINO NI Na NB 8 


Puc. 2. 3apucopKa Jaliku aHyesuToBoro Noppu- 
pura mo wrpexy Ne 106 maxtpr Ne 5 Hecper2zes- 
ckoro paliona (WITpeK mepeceK Jaiky JMaro- 
HaJIbHO K €€ IIpOCTHpaHHIO, MOSTOMy Ha 3apH- 


NS N7 N6 COBK€ MOIMHOCTb JalkKW MoKa3aHa yBeJIHUeCHHOH. 
CIM EC nS ao ene: IIpOTHB HOPMaJIbHOH). @ — aprusuT, 6 — aH- 
SESE SS 


J€3HTOBbIN TOpdupHT, @ — mMecTo oTOopa mpo6b: 


Cye fae 6 at? 


He CUHTAaTb HeE3HAYHTeMbHOrO KOMUeCTBA XJIOPUTa, KOTOPbIN Pa3sBHBaeTCA 10 
HeMy, B TO BpemMa Kak B OOpasuax NeNe 6 u 7 cTeKsIO B 3HaYHTebHOH CTeneHH 
3aMeLeHO KapOoHaToM (KaJbuuT). CrpyKTypa OCHOBHOM MaCCbI TaK%Ke HECKOJIb- 
KO MeHaeTCH: B OOpasiax NeNe 5 u 7 Ona HHTepcepTalbHad (CTEKJIO BbINOIHAeCT 
TOJIbKO ITyCTOTKH, MEK LY KacatouluMucdA [pyr Apyra KpuctTaJJIuKaMH MHHEepasioB), 
a B oOpasnax NeNe 6 uv 8 — BuTpodupoBas (KpuCTaJIHKH MHHepasioB — «rJla- 
BaloT» B CTeKJIe). 

Bo BkpanlueHHukax MOpOAbl HAXOQNTCA MlarHokJa3, MpelCTaBMeHHbI UKO- 
MOP(PHbIMH, IHPOKOTAGJHTUAaTLIMM KPHCTaJJIaMH BeHYHHOH oT 0,2 yo 0,5 mM, 
B OOJIBINMHCTBE CJIYYaeB MOUTH MOJHOCTbIO 3AMCL[CHHBIX BTOPHUHBIM KaJIbILHTOM. 
Mecramu OHH YaCTHYHO COXpaHHJINCb, HO HaCTOJIbKO TWIOXO, 4TO ONpeseUTb. 
UX HOMep He MpeWCTAaBJIAeTCH BO3SMOXKHBIM. 

B nepndepnueckuX YaCTAX XHJbI MOpOAa Mperepneda CHIbHbIE aBTOruApo- 
TePMaJIbHbIe H3MeCHCHHA: B OCHOBHOHM Macce JIe€HCTHI Maruoka3sa NouTH nNow- 
HOCTbIO 3aMeLCHbl MAKPO3€PHHCTHIM KapOouaTOM (KaJbINT). CreKIO MOMHOCTHIO 
3aMeLLeHO TEM 2Ke KapOoHaTOM. B Buyly STOO CTPyKTYpy OCHOBHOH MaccBI culeqy- 
€T CUMTATb PeJIMKTOBOH BuTpodpupoBolt. B otMune OT BHIMICOMMCaHHBIX OOpa3- 
MOB 3Ta NOPOAa He COMep2XUT OMOTHTA B OCHOBHOH Macce, YTO BECbMa XapaKTePHO 
JI IPHKOHTAKTOBEIX OOacTeli H3BEPXKEHHIX Te, Pe OXAaKTeEHUe NPOUCXOAUT 
3HAYHTEIbHO ObICTpee HM BbICOKOTeMNepaTyPHbIli OUOTHT He ycneBaeT pacKpucTaJ- 
JIM30BaTbCH, OCTABaACbh B pacmviaBe. Bmecre c TeM, HauJiIuuHe TeMHOILBeTHOrO 
MHHepasa (B aHHOM Cylyyae OuoTHTa) B OCHOBHOI Macce nOpoxbI nosBomseT 
OTHECTH €€ NO NPOHCXO*RMCHHIO HE K H3JIMBIIMMCH PaSHOCTAM, HECMOTPS Ha Hasu- 
4He 3HAUNTeIbHOrO KOJIMUeCCTBA CTeKa, a K KHJIbHBIM TunaOuccabHbIM. 

Crpyktypa mopogbl — Bo Bcex cryyanx nopduposas. 


Ha maxte Ne 5 ora Jalika Berpevena TakoKe B KBeplvare, MpOfieHHOM Cc MIa- 
cTa if Ha mulacr i,. 

Ha maxTe HM. KpacnHa usa MpezctaBslena nopoyoli, cxoqHoli ¢ BBIUe- 
onvcanHoit. Betpeyena Ha BOCTOUHOM KpbWie WaXTEI pH paspa6oTKe musacta 
i*s. MomHoctb ee oxono 1,0 m. 

Fa uiaxte Aprem Ne 1 pa6oramu no naacry kt «Pprxsomy» BcTpeyeHa xKUHIIA, 
KoTOpas Obiia ocmoTpena IT. W. Crenanospm B 1909 yw 1924—1925 rr. B TOPHBIX 
BbIpadoTKax m0 niacty ks «BuacoscKomy» (*). OHa npeycraBnena KepcaHTHTOM. 


B ropueix BEIpaGorKax muiacta «PEIxmoroy (urpexu NoNe 111, 113, 115 u mp.) 
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PULHOCTh KUJIbI OKOO 3,5—4,0 M, T. €. 39eCb OHA 3HAUNTebHO MOLLHee, vem 
f lvuiacty «Bylacopckomy» (rye ona oxono 1,0—1,7 M). 
) 7Kusa, BcTpeyeHHaa mrpexom Ne 111 maxtt Aprem Ne 1, pasopBana TeKTo- 
PY€CKHM CMCLICHHEM, MaflaiollMM BecbMa nosoro (puc. 3), B pesybTaTe 
‘TO OfHa UaCTb €€ NO OTHOMeHHIO K Tpyrou Oba cmeuleHa Ha 2—4 m. 
KOHTaKTbI 2KHJ BO BCeX WaxTax, Te OHM ObIIM BCTPeYeHBI, pesKue, OT- 
TAMBbIC. BIMAHMe KOHTAKTOBOrO MeTaMOp()u3Ma, OKa3aHHOFO H3Bep2xKeHHBIMH 
pofaMu Ha NepecekaeMble OCaOUHbIe NOPOb, TaBHbIM OGpa3soM apruJJINTbI 
aHTPallMTbl, BECbMa CylaO0e u 3AMeUaeTCA TOMLKO HEMOCPeACTBEHHO Ha KOHTAKTE. 


Mc C1 fe Baie ES 


Puce. 3. 3apucopku faliku KepcaHTuta mo wrpexy Ne 111 waxrTbi 
Aptem No | Iaxtuucxoro paiiona. a — autpanut, 6 — aprunant, 
6 — aJIeBPOMUT, 2 — KepcaHuT, O — HapBur 


KOHTaKTOBbIM MeTaMOpdu3M B apruJiJIMTax, NMepeCeYeHHBIX XKHIOH B WwWaxTe 
v 5, CKa3blBaeTCA BCerO Ha PaCCTOAHHM HECKOJIbKUX CAHTHMETPOB OT XKHJIBI. 
OFHJIJINT, HAXOAAULMHCA HeMOcpeNCTBeEHHO Ha KOHTAKTe, OTIHUAeTCA OOJbIUON 
PYMKOCTHIO (BCIeACTBHe OO%KUra), MOABJICHHEM 3HAUHTEJIbHOrO KOJIHUYECTBA 
|OpHuHOrO CepuuTAa NO NEPBUYHOMY IIMHUCTOMY MaTepHaJly WH TPelIHH, BbIMON- 
‘HHBIX KaJIbILMTOM. 


Bcecolo3Hblit HayuHO-HCcceqOBaTeIbCKHH Iloctynuso 
YPOJIbHbIM MHCTHTYT 2 1X 1958 


WMTHUPOBAHHAA JIMTEPATYPA 


1H. A.Uruartpes, Tp. Tlepmcx. roc. yuus., 1937. *? B. YW. Opaos, Uux. 
GotHuKx, Ne 8 (1925). 31. WU. Crenauos, Becru. reon. kom., No | (1925). 


Jioknayp AKaneMun Hayk cCccP 
1959. Tom 124, Ne 3 


ITETPOLP AGH 


a 


JI. E. WITEPEHBEPr, K. T. MASAHKHHA u B. H. KACATOUKHH 


OCOBEHHOCTH TTYTEH METAMOP®H3MA PASHBIX THITOB 
rYMYCOBbIX YIJIEH 


(ITpedcmaeaeno axademuxom A. JI. Anuunoim 17 VI 1958) 


B pane pador (1-3) 6bu10 NoKa3aHO, 4TO B Mpouecce MeTamopdu3ma md 
BepraloTca H3MeCHCHHAM BCE COCTABJAIONIME yIvId, O YEM CBHACTCIbCTBY| 
HU3MeCHCHHA HX QJIeEMeHTapHOrO CocTaBa B CTOPOHY BO3pacTaHHaA OTHOLIeH 
C/H mw ymeHbuieHuaA coflepxKaHHA KUCOpOa, COOTBETCTBYIOWee H3MeHeH 
MOJICKYJIAPHO CTPYKTYPbI, MOHWKeHHE MpO3payHOCTH LLWIMPOB B Mpoxo) 
WeM CBeTe, MOBbIMeHHe OTPaxkaTebHOH CNOCOOHOCTH, TBepAOCTH, yAeubHC 
Beca H Jp. | 

OyHako 9TH H3MCHEHHA, UMeA OOLUIee HallpaBJIeHHe, XapaKTePH3YIOTCA 
OMHaKOBOH CKOPOCTbiO WIA Pa3JIMUHbIX COCTABAIONUX YA, YTO yKasbIBa 
Ha CaMOCTOATEIbHOCTb UX MyTeH MeTaMOp@H3Ma, CBASAHHBIX C OCOOeHHOCTA} 
BelI[eCTBeEHHOFO cocTaBa HM (PH3HKO-XHMHYeCKHX YCJIOBHH HavaJibHbIX CTaLi 
yreo0pa3s0BaHug. | 

IIpu cpaBHeHuu pa3HbIX TeHeTHYeCCKHX THMOB AHTPaluTOB (ryMycoBorol 
calponemeBoro), HaXOAAMIMXCA B OAHHX M TeX 2%Ke TeoMOrMyeCKHX YCOBUS 
ObIIH YCTAHOBJICHbI CYLI[CCTBeHHbI€e XHMHYeCKHe HW CTPYKTYPHble pa3JHus 
Mek] y HAMH, KOTOPble CBHJCTEbCTBYIOT O OOTee MEQJICHHOM TeEYCHHH MeTaM: 
cu3Ma BellecTBa, Claraiollero canponeneBblit THM yr, 10 CpaBHeHHIO C 
ujecTBOM TryMmycoBoro Tuna (°). 

PaOota aBTopoB Oblma MOCBAMLeHa HCCIEOBaHHI0 MOJIEK YA APHOH CTPYKTY 
MW 9JIEMeHTapHOrO COCTaBa Ppa3HbIX THMOB TYMYCOBbIX yrvieH, BXOAAULUX B | 
Hy reHeTuyeckyro rpynny. Matepvasiom Ia H3yyeHHA NocayKHAH OOpast 
KAaMCHHBIX yrvleH, B3ATbIe H3 Muiacta ApuiMHKa Ha waxte Kpacupilit Ipod 
TepH (Llentpauibubiii pation Joneuxkoro Gacceiina). I1mact ApumuxKa B mectTe or6c 
mpoO wMeeT cylefyioulee CTpoeHve: HW »KHAA YacTb Mlacta, MoOu{HOcTbHIO 15 
20 CM, CJIOX%KeHa MATOBbIM MaACCHBHBIM YIJIeM C peKUMH OJIeCTALLHMM LUTpHxal 
WM npoxknikamu. Bepxuasa ero yactb, 60—80 cM, cloxKeHa XpynKHM, OvlecTSIH 
HeACHONOJIOCUaTHIM YrJIeM C TOHKMMH, OTHOCHTeJIbHO PeAKMMH JIMH30UKaMH yr 
croro apruvuuta. | 


Tipu usyuennn wWiMoB MO MHKPOCKONOM oKa3aJlocb, TO MaTOBBIli yrd 
ABIIACTCH CMOPOBbIM JYOPeHOM, Y KOTOPOrO KOMMOHEHTHI pacipesesAoTea Cll 
AYIOul“M O6pa3om: 


OCHOBHaXH Mpospaunwan Macca 6% 
HenmpospauHaa Macca 43% 
MHKpo- H Makpocmopni 51% 


Kpome Toro, eAMHHYHO HaOm0aloTcA KOMOHHM BOOpocuelt Tuna P 
M MeJIKHe JIMH3bI dioseHa. M3 MuHepadIbHbIX BellecTB BCTpeuaioTCA Mes 
BKpamieHHA MHpuTa. OcHoBHaA Mpospaunan Macca KpacHo-Oypaa, yyacTKal 
Oypasa (BeposTHO, 3a CueT TOHKOM MpHMecu raMHUCTOrO MaTepHavia), pact 
HeNAeCTCA HEPaBHOMePHO, YaCcTO HeceT cueAbl chiONaibuoro ion 
IIpw ckpenleHHbIX HHKOAX HM BpallleHuu cTomMKa MHKpockona remM@uuyt 
BaHHO€ BeW\eCTBO OCHOBHOH Maccbl MoApu3yer oTueTAuBO. B oTpaKeHH 
CBeTe IlBeT OCHOBHOH Maccbl Oeno-ceppii. HenpospauHas macca, aABAsIOULaa 
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anHOolee pasBUTOH B yrvie, B MpOXOMALeM cBeTe Ha OTJE/bHbIX yuacTKax 
ONyMpospauHa, HHOra HaOmOJaioTcA MepexOAbl B MpospauHylo0 OCHOBHYI0 
yiaccy. IIpu cKpemenubix HUKOAX Henpo3spauHad Macca M30TponHa, a MOuy- 
“pospauhas — c1a6o aHU3OTponHa. [[per HempospayHoli Maccbl B OTpa2xKeHHOM 
|BeTe TakxKe Oes0-ceppiit. 

Makpo- 4 MuKpocnoppl, cocraBsioue TOJIOBMHY BCe€X KOMMOHEHTOB, 
.aK BHAHO, NOWBeprasiHCb BeCbMa CJIAOOMY C2KaTHIO; OHH He CIVMIOUICHE, 
laCNOMaratoTCA B yrle BECbMa He€PaBHOMePHO H MO-pa3sHOMY OPMeHTHPOBaHbl 
THOCHTCIbHO HaCOCHHA. CNOPbl B MPOXOAALMLEM CBETe HMEIOT XKEITHIE, *KeMTO- 
parwxKeBbih u Oyppiit wer. I]pu cKpelueHHbIX HUKONAX OHM AHM30TPOMHEI, 
4 XapakTepHbIM WIA HMX BOHUCTbIM MOracaHHeM IIpH MOBOpoTax CTOMHKa 
mkpockona. B orpaxeHHOM cBeTe y CNOp BUAHbI OTYeTIMBbIC KOHTYPbI; OH 
}OlaaioT BLICOKHM pebetboM axe B TOM Culy4ae, Kora Haxosatca cpelu 
CHOBHOH mpospayHot maccpi. [Ber ux B OCHOBHOM cepbiii u cBeTMO-cepbiii. 
(Ip cKpelleHHbIX HUKOJIAX BC€ KOMMOHEHTHI, CularalolHe MaToBbIli yrob, 
(igoTponubl (puc. 1, BepxHHi pay, cM. BKvieliky K crp. 595). 

' Bee npu3uaku (Bet CNOp B MpOXOALlllem M OTpaxKeHHOM cBeTe, HX perbed, 
MHU3OTPONUA, WBeET OCHOBHOH reIM@HUMpPOBaHHOH MaCCbI HU Ap.) WakoT HaM BO3- 
(MOXKHOCTh TOBOPUTb, YTO YTOT YrOJIb MO CTeNeHH MeTaMOpCv3Ma MOXET ObITb 
*THeECeH K JVIMHHOMIaMeHHOMY. 

Baecramui, HeacnonosocyaTblii yroub, ABJISIOULMLICA KapeHOM, NOX Mu- 
J<POCKONOM 1peycTaBsIeH CueELYIOULMMH KOMIMOHEHTAaMH: 


OCHOBHaA TreMPHUMpOBAaHHaA Macca M BUTpeH cocTaBisioT 91% 
MHKpOcnopbl H KyTHKYyJIa 2% 
(IOSCHHSKPCBaHHbIe KOMNOHCHTEI OKOJIO 4% 


_ B 9TOM yruie KOMNOHEHTHI pacnOJlaraloTcA MO HaCJIOCHHIO, HECKOJIbKO H3- 
J-uOascb BOM3H Oomee MIOTHbIX BKONeHHH. L]Ber ocHOBHOH renuduyupo- 
13aHHOH Maccbl KpacHo-6yppilt. [Ip cKpeuleHHbIX HHKOJIAX OHA CHJIbHO aHH- 
BOTPOMHAa: peskO MpocBeTAeTCA HM MoracaeT MPH NOBOPOTe CTOIHKa MHKPOCKO- 
j1a. Ilper ocHOBHOLi MaccbI B OTPaxKeHHOM cBeTe Geno-cepili. [Ipu cKpeuleHHbIx 
|MMKOJIAX OHA BeECbMa ca6o aHH30TpoNHa. Mukpocnopbl HU KyTHKYsa JOBOMb- 
dO CHJIbHO CIVJIOULCHbI; OHH He HMEIOT pesbeda, HO MOBOJIbHO YeTKO BbIJeA- 
}OTCH CpeH OCHOBHOH Maccbl, OOaaHt OpaHKeBO-KpaCHOBaTOH OKpaCKOH. 
LIpu cKpelleHHbIX HHMKOJIAX 3TH KOMIMOHEHTHI TakxKe AHH3OTPONHE!. B oTpa- 
*%KCHHOM CBeT€ KYTHHH3HPOBaHHble KOMIIOHEHTHI He BUHbI Wake pH Bpalite- 
(HHH = MHKpOMeTpHYecKOrO BHHTAa MUKPOCKOTIa. 

@io3cHu3HpOBaHHble KOMMOHEHTHI, H30TPONHbIe B MpOXOMAleM cBeTe, He 
AMeIOT YUeTKUX PpaHHIl C OCHOBHOH MaccoH M ApPYrHMM COCTaBJAIOWAMH YA, 
pM CKpelleHHbIX HMKOAX MX PpaHUllbl CYaHOBATCA YeTKHMH. B oTpa2keHHOM 
cBeTe 3TH KOMMOHEHTHI BBIABAIOTCA XOPOLIO, Y HAX BbICOKHH pembed H peskue rpa- 
HuUbI (puc. 1, HMXKHHA pam). Bce 9TO XapakTepHO AA KOKCOBOrO yruis. XHMH- 
yecKad HM peHTreHorpaduyecKand XapaKTepHCTHKM HCCeAOBaHHbIX OOpasilos, 
a TakxKe UX COPOLMOHHAA Me€TAHOeEMKOCTb NPHBOAATCH B TAG. ibe 


Ta6auna 1 


Cop6uHoHHaA MeTaHOeM- 


Texnuyeckuli | QuementapHblii} yocth npu 1 atm u 30°, 
0 : 
aHasmH3, % aHamH3, % Mr /J1 pO 
d rpag. 
Tun yruaa a Bs ioe 
AC Ve cr He | yrOuIb Aen | 
Yroub 6necraAulluil, HeACHONO- Hy 
jocuariit 3,44 | 26,40] 88,90] 4,97 | 1,79 1,82 5°24 
Yroib MatToBbli c 6uecTAu- ee 
MH JUTpHxXamu 15,82 | 47,81) 79,19] 5,83 AZ, Ace? PROD 


Kak BugHO u3 Taba. 1, OnecTAMIMH yroulb XapaKTepHSyeTCcAa 6oee HH3KHM 
BbIXOJIOM JIeTYYNX BellecTB H cosepxaHHemM BOOpOAa Hu Ooslee BbICOKHM Cojep- 
*KaHHeM yrueposa. Ecau CyMMMpOBaTb cr nH 6necrauero yA, TO Moy- 
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yaeTces, uTO Ha Jomo O' (N° He IIpHHUMaeTCH, TAK Kak CTO ied ae 
patxa 1—2%) npuxogutes ~ 6%. [na MaToBoro yrvist 97a eae eal 
JlOBATeIbHO, Tp (POPMHPOBaHHH MAaTOBBIX yIvieH B TOpPAHHK y , 
Takue YCMOBUA, pH KOTOPbIX MpOuCxOAAJa Mo 

BbILMeHHaA agpallua, ClocoOcTBOBaBlaAd oOpa3ot 
BaHHiO HelpospauHOH OCHOBHOM Maccbl H Mem 
=76,5 7 . | KUX OOPbIBKOB (IOSCHH3HPOBaHHbIX TKAaHeH. 
: CnelyeT yKa3aTb Ha CBA3b CopOHMOHHOH Me 
TAHOeCMKOCTH HCKOMaeMbIX yIvleH CO CTENeHbIO Hy 


if EEG £=192% meTamop(pu3Ma HM OTCYTCTBHe CBASH MexK Ay MeTpo- 
pases, H= 583 % rpacbHuecKMM COCTaBOM HM COPOWHOHHOH MeTaHo! 


emKoctbio (5), J[aHHble mo CopOUHMOHHOH e+} 


HA 6-812 % TaHOeMKOCTH, KOTOpble MpHBosATcA B Tad. | i 
Nunlyee TAKWKE CBUICTEBCTBYIOT O TYOOKMX pas MNMsi4™ 


‘ B XapakTepe MopucTOCTH H MpHpoHo NMoBepx 

K pL i HOCTH MCCJIeOBaHHbIX OOpa3ioB yrvieH. 
Ae sane ~ 1=457% Ha puc. 2 IpHBOMATCA MK pocoror paMMbi 
4=30 vo 9° peHtrenorpamMM 93THx yrviel. IlpeqBapuTenbHa 
o6e330JIeHHbIe YIvIH CHHMaJIMCb B UHJIMHApH 
yecKOH KaMepe JMaMeTpoM 57,3 MM Ha QUT 

Puc. 2. Comoctapaenue MuKpobo- — nonanHom ug/l y4eHHH Mew. Ilo MuKpoororpam+ 
ee aca eranOpAREEGOLS MaM Oblla oMmpememeHa yrvoBpad MouyWupHHa 
B. Vi. Kacarouxuny (1951) (kpu- uwHTepdepesiuMonHoh muHuu (002) (cm. Tau. 1), 
Bble CUBHHYTbI BBO) C BUTPeHa- KOTOPaA CJIY2KUT MepOH YNOpAMOYeCHHOCTH BC 
MH HecmenyeMbIX OOpasos yruet  paaumHoM paCIO/O%KeHH YIuepOsHBIX ceTOK (3). 
Die Daa enna) OddekT pacuimpeHHa UHTepPepeHIMOHHOM) 
momocbt (002) Mu 3HayHTeIbHO OOubINMH Cort, 

H€3aBHCHMOrO pacCextHHA B MaTOBOM yIrvie yKa3bIBaeT Ha MeHbILyIO CTereHbtih 
B3aMMHOH YMOpAROYeCHHOCTH yrwlepOHbIX CeTOK MO CpaBHeHHIO C OleCTALIAM 


yruieM H Ha OTHOCHTeJIbHO OOJIbUIy10 YaCTb yruiepOa, HaXOJALLyIOcA B OOKOBBI 
paqukasax. 


B noceqOBaTesIbHOM psy Me- 
TaMOp@u3Ma yrvieH, KaK H3BeCTHO 
(?, °), HaOmofaeTtca BospacraHue 
M@xKCeTOUHOH  ynopaoueHHOCTH 
WIA BATpeHOB. JIA Kaxou Map- 
KM YIIA BHTpeH xapakTepus3yer- 
CH OMpeeeHHOH CTeMeHbIO Mex- 
CeTOUHOH yNOpAOYeHHOCTH, KOTO- 
pad OTpaxkaetca Ha peHTreHo- 
rpaMMax MUKpodoromerpuyeckux 
KPHBbIX CMeNM@uYeCKHM Mpodusem 
HHTepdepeHuHOHHON Movroci (002). a a ae ee 

Visyuenupienamu oOpasupiyria S08 7 89 pe 
Ha mpoduiax monocnt (002) sanu- Puc. 3. Kpussrte mponyckaHuad yrvieli Matogoro (a) 
MalOT pa3JIMuHOe momo *KeHHe u Onectauero (6) } 
(puc. 3). Marosstii Tam orpeyaet 
NOMOKEHHIO AVIMHHOMIaMeHHOTO yi, a OecTALMH — KOKCOBOMY B TIOJ[HOM 
COOTBETCTBHH C 9JICMCHTAPHbIM COCTaBOM. 

Tlonyyenupie HamM Ja Tex 2Ke OOpaslOB MaTOBOrO Hi OnecTalero ya MH-| 
(ppakpacuble CnekTpbI MOrOuleHUsA MOATBepxK aor TOT BbIBO, YTO BelLeCTBA, | 
ClararoulMe STH PaSHOBHAHOCTH, OTBeYaOT pasHbIM cTaMAM IIpeBpallleHus | 
B Mpollecce MeTamop(du3ma. CnekTpbl Ob\WIM MOy4YeHbI Ha HHpakpacHom cmekT- 
pomerpe MKC-11 c mpusmof us NaCl B o6nmacTu MH BONH OT 5,0 70 14. Hak 


PHC. 3 MpHBOLATCA KPUBbIe MPONycKaHHA JIA OOeHX H3yYeHHBIX pa3HOBHHO- 
cre yraa. 


ponycxaxue ———» 


CilekTpbl MaroBoro yraa oTamMualoTca OT CNeKTpoB OecTalero yraa HaJM- 


IHeM IWMPOKOrO MaKCHMyMa MOrmomleHua mpH 8—8,3 !, orpeuaioulero Koneba- 
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am cBaseH C—O B aTOMHbIX rpylMMpoBKax MpocTsIx apoMaTHueCKUX 2pH- 
is M deHomos. Pasnuuua B ciekTpax xapakTepusyloTcA TakxKe npocbHiem H 
f1O2KCHHCM MAKCHMYMOB MOPJIOW[CHHA B JVIMHHOBOJIHOBOH uacTH. Ha6stogae- 
2 CMeWleHHe OJHOH M3 NMOMOC JIMHHOBOJHOBOH YacTH cieKTpa or 11,85 k 
165 » wu Apyro# nonocn of 12,38 x 12,40 » IIpH mepexoye OT MaToBoro yruia 
A JIECTALLEMY OTBEYaeT BO3PacTaHHlo COMepxKaHHA yrviepola B BellecTBe yrs (7). 
/ Pesybratbl, NOyYeHHbIe HAMM MIpH uCCeOBAHHH OMNTHYeCKHX CBOTICTR, 
¢aK2Ke COCTaBa H CTPYKTYPbI MATOBOrO H OsecTAero YrIA, NIPHBOLAT K OOULeE- 
| BbIBOAY O CAMOCTOATeEIbHOCTH TeHeTHYeCKHX MYTeH MeTaMOp(H3Ma BeulecTBa 
WCIbHBIX COCTABJIAIOUINX, ClaraloulHX O6a H3YYeHHbIX THMa yruis. DTO corsa- 
2eTCA C MOJIYYCHHBIMH PaHee JaHHbIMH (°) O pa3HbIX CKOPOCTAX yrvieo6pa30Ba- 
|bHOTO Mpollecca Ais OTMeMbHbIX COCTABMAIOWMX YIVIA TIpH MeTaMopduse. 
_B 3aksoyeHHe CuHTaeM CBOMM JOITOM BbIPasHTb Mpu3HaTembHOCcTh B. C. Be- 
“IOBCKOMY 3a MpeyocTaBeHHe HCCIeqOBaHHOrO MaTepuana UH V1. JI. Strunrepy 
 ONpefeseHHe COPOUMOHHOH MeTaHOeMKOCTH. 


| Teonoruyeckuit MHCTHTYT Tlocrynusio 
Akajylemuu Hayk CCCP 16 VI 1958 


\ucTuTyT roprounx HCKOMaeMbIx 
_ Akaylemun HayK CCCP 


UMTUPOBAHHAA JIMTEPATYPA 


13. B. Eproabekaa, V3mMenenne uckonaemblx yruel B mpolecce yraepuKalnn, 
39. * JI. E. Cap6een a, Onpefenenne metamopbusma yrsel mo pusn4ecKHM H MeTpo- 
aduyeckum mpu3snakam, 1943. #%B. WM. Kacatouxuu, M3s. AH CCCP, OTH, Ne 9 
P51); Ne 10 (1953). *K. T. MasauKkuna, Jl. E. Iltrepeun6epr, JAH, 119 
(4(1958), ® HW. JI. OStruurep, Tp. 1 Beecowsn. copeml., XumMusa WH renesuc TBep- 
‘X roprlouux uckomaempix, Mag. AH CCCP, 1953. ® J. K. Brown, J. Chim. Soc., 
pd, 744.7 J. B. Nelson, Res., 5, 489 (1951); Fuel, 33, 4, 381 (1954). 
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| Joxxann Akagemun nayr CCCP 
1959. Tom 124, Ne 3 


IT AJIEOHTOJIOPH fl 


H. Tl. CHOPOBA 
. O ®WJIOTEHETHYUECKHX B3AHMOOTHOLUEHHAX 
CAPMATCKWMX MAKTPH] MAHI bIILJIAKA HW YCTHOPTA 
| (ITpedcmaeaeno axademuxom H. C. Llamcxum 5 1X 1958) 


| Bompocom cusiorene3a CapMaTCKHX MaKTp HCCJeOBaTeH CTaM 3aHMMaTECSA 
‘HIlb C JBaAWaTbIX TOOB Hallero CTONeTHA, KOMa Obl HAKOMVJI€H COOTBEICTBYIO- 
‘ai Matepuan. Muoro no dusorennn Maktp Obwio caenano B. I]. Komecuuxo- 
)oIM, aBUIMM TPH (pHOreHeTHYeCKHX CXEMbI CapMaTCKHX MaKTpHy [louTo- 


\acmMuckoro Oaccelina, 3aMeTHO OT/IMYAalOUMecs Apyr or Apyra (°~*). Cxemu, 
/peqOwKeHHbe Avid MakTp Maurpiuiaka B. E. Eroposon (') u Makrp Pympinun 
\-Tyaop ('”), 3HAYHTEIbHO OTIMUAaIOTCA OT MOcTpoeHu Konecuuxosa. B nactos- 
(eH CTaTbe CelaHa NONbITKAa OCBETHTb B3ANMOOTHOMCHHA MaKTp *, OONTABLUUX 
ja BOCTOKe CapMaTCKOrO MOPS, B ero yCTIOPTCKOM 3avluBe (*,°), H Hpemvaraetca 
jmsioreHeTuuecKan CcxXeMa CapMaTCKHxX MaKTpHy ManrpimsaKka vu Yctiopta. 
) CapmatcKue MakTpyvAbl Oblin BbIZeneHb! KopoOKospm (°) B mo_qpox Sarma- 
-mactra Ha OCHOBaHHM OCOGeHHOCTeH YyCTPOHCTBa MX 3aMKa: CO/IMKeHHOCTH 
| 3HAUMTeEJIbHOH CTeNeHH CpacTaHHA MWiacTHHOK 3y0a 2. I1popeqenuble ncceqoBa- 
MA MOKa3aJIM, YTO WIA HUX TakxKe XapakTepHa PeYUMPOBAaHHOCTh MWiacTHHKA 
yOa 4b, uHorga orcytcTByiouleH coscem. Ilo oco6eHHOCTAM cTpoeHuA 3amKa 
aPMaTHMaKTpbl ° JessTcA Ha 4 Tpynnbl POACTBeHHBIX BuOB: rpynna M. 
lichwaldi Lask., rpynna M. vitaliana Orb., rpymna M. crassicolis Sinz. u rpyn- 
aM. caspia Eichw. Tlocnequue 2 rpynnbt ycraHossenbl B 1955 r. Eropopoit. 
VcxonHou cbopmMo vin capMaTCKMX MakTp sBJiseTca Mactra eichwaldi 
vask. V3 coppeMeHHBIX aBTOPOB OHH Jub Ilan (*°) o6nequnua ee c M. vita- 
ana Orb. u M. fabreana Orb. B oguH Bug M. vitaliana Orb., uro He umeerT HuKa- 
joro ocnopanus. Lupoko pacnpoctpaHeHHbii B HYXKHeEM cCapmMaTe (B HH3aXx 
\pemHero CapMaTa BCTpeyeH JIMLIb Ha BOCTOUHOM YcrTiopte) nogBug M. eichwaldi 
jichwaldi Lask. Bo3HuK, BepOxATHO, B 3anaHOH yacTu OacceliHa, TaK KaK PaKOBH- 
) bI CFO 3/[eCb 110 CBOEMY CTPOeHHIO CTOAT O1H2Ke K KOHCKUM MakTpam. Iloysuy Mac- 
raeichwaldi crassa subsp.n. nosBusica Ha Manrpiuiake B BepxXax HHKHETO 
apMaTa HM BbIMep B Hu3ax CpeHero CapMarTa. 

. Or M. eichwaldi Lask. orBersuacb, mo-Bunumomy, M. podolica Eichw., 
yeHb 6IM3KaA K Hel MO psy npu3sHakos. K tomy xe Makaposuun (°), Cumno- 
‘ecky u Bap6w (1!) ormeyaior Haxoxgenue M. podolica Eichw., BosmoxxHo 
'@ COBCe€M TOUHO, B HHxKHEM CapMmaTe. CyAA NO YacTOTe HaXOKJeCHHA MOXKHO 
onaratb, uro M. podolica Eichw. Bo3Huksla TakxKe B 3anaqHou uactn Oaccelina, 
TKYa M pacipocTpaHsAsacb Ha BOCTOK. 

| B. II. Konecuukop wa BceX CBOMX CX€MeX YKa3bIBaeT Ha MPONCXor*KeHHe 
A. subvitaliana Koles. ** or M. fabreana Orb. B jelicTBHTeJIbHOCTH 3TH BHIBI 
/€3KO OTJINUHbI M0 CBOEMY CTPOCHHIO, U MepeXOAHbIe POPMbI Merk Ly HAMM OTCYT- 
/TBYIOT. 

O6sem M. podolica Eichw. aptopamu noHuMaeTcs YacTo No-pasHomy. Tak, 
fepxaux u Hepeccxas (*) orHocat K Heli Tpu nozBHza: M. podolica praecaspia 
Coles., M. podolica naviculata Baily u M. podolica podolica Eichw. 

Visyuenue matTepvasia noKasauo, 4To M. naviculata Baily noctatouHo yeTKO 
TMUaeTCA OT JBYX Apyrux opm pxoM npusHaKos. Bonpoc 0 BsanMOOTHOLIe- 
uu M. praecaspia Koles. c M. podolica Eichw., 3a HeocTaTOUHOCTbIO MaTepHa- 
a xopouleH COXpaHHOCTH, MeHee ACCH. 


——S 


* B pa6otTe kpomMe COopoB aBTOpa HCIIOJIb3OBaHbI cOopbI E. B. JIupeposcKol, J. A. He- 
ecckolt, P. JI. Mepxauna, A. I. 96ep3una, M. A. Ceposolt x H. A. Hukonoson. 
** Cunonum M. podolica podolica Eichw. (‘). 
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Kpynupie cpequHecapMaTCKHe MaKTpbl Tak7Ke HHOrAa OObeMHAIOTCA B on 
pu M. vitaliana Orb. (*°, *). OqHako M. vitaliana Orb., M. fabreana Or | 
M. pallasii Baily yocrarouHo xopouio pasmMualoTcCA MO CBOeMy CTPOCHHI 
Byy4u Oe WIMPOKO, MOUTH MOBCeMeCTHO pacl|pOCTPaHeHHbIMH B MCJKOBOAH Hl 
OTMOKEHNAX CpewHero capMaTa, 9TH MAaKTPbI HepeKO BCTPeualoTCA COBMECTH 
uTO TaKxKe yKa3bIBaeT Ha HX BUAOBY!IO CAMOCTOATEJIbHOCTD. | 

Syecb culelyeT yKa3aTb, YTO BbIeIeHHe B COCTABE M. vitaliana Orb. B 1935 
Maxaposuyem sBapuerteta M. vitaliana Orb. var. simionescul BbISbIBaeT Bosp} 
*KeHHe. Sta (OpMa ABJIACTCA CBASYIONLUM 3BCHOM Mex*K]y M. fabreana Orb. ul 


ls 
s la\ My 18 
8 az 
ofS 45 Puc. 1. @unoreneruyeckat cxeMa cCapMaTCKH 
SES LD, mMakTpuy, Manrpiuimaka u Yctiopta. 1 — Macti 
als basteroti konkensis Sok., 2a—M. eichwal | 
& eichwaldi Lask., 26 — M. eichwaldi crassa subsij f 
5 19 v A n., 3—M. podolica Eichw., 4— M. praecasp iy 
ba 6 Koles., 5 — M. naviculata Baily, 6 a— M. vitalian 
é & D vitaliana Orb., 66 —M. vitaliana praepallas 
J Egor., 6¢@—M._ vitaliana turkmena Nevessk 


by 7a —M. pallasii pallasii Baily, 76 — M. palla 
simionescui Macar., 8 — M. fabreana Orb., 9 | 

g M. seducta Koles., /0—M. tapesoides Sinz 
11 a—M.caspiacaspia Eichw., 1/1 6 —M. caspi) 

acuminata Zhiz., 12 — M. pseudonalivkini sp. nip 

138 — M.avida Egor., 1/4 —M.crassicolis Sinz 

15 —M. nalivkini Koles., 16 — M. pseudocaspi 

a sp. n., 17 —M. bulgarica Toula 


, 


Capmamerxud 
“[Aaeknutt nodvapyc | Cpednud nodeapyc 


S 
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pallasii Baily u nostTomy He MoxeT oTHocuTbes K Buy M. vitaliana Orb. Til 
cBoeMy CTpOeHHIO OHa Ou3KO cTonT K M. pallasii Baily, mozBugom koropor 
WM OKA CUNTATHCH. 
B coctas M. vitaliana Orb. BxogzaT Tpu nogBuga. M. vitaliana vitalian 
Orb., WIMpoKO pacnpocTpaHeHHad B M@JIKOBOAHDIX OTOXKeHHAX, Ha Maurpuuital 
Ke u YctiopTe BcTpeyaeTcA pexe, vem B 3anaqHol uactu Tlonro-KacnuiicKoi 
o6acTH, OHA HMEeT TOJICTOCTEHHYIO PAKOBHHY, OKPyrviblit He YeTKO OYePYeHHBII 
KHJIb H OTBEPHyToe 3akuJeBoe nove. [lepexoqHpIe (OpMbI CBASbIBaIOT ee c M. eich} 
waldi crassa subsp. n. 
B. Il. Konecuukos B cBonx cxemax 1935 nv 1940 rr. npousBozuT M. vita 
liana Orb. or M. fabreana Orb., uro npotuBopeunT ux HCTOPHYeCKOMY pa3BUuTH ‘ 
BO BpeMenu. Makrpbl C OKPyrJbIM KHeM BCTPevaloTcCa B HWKHeH NOOBHHE 
cpeqnero CapMata, a C OcTporpeOeHuaTbIM —B BepxHeM. Takoe cooTHoUleHné 
(popm HaOmogzam B. E. Eropopa wa Maurpmitaxe (‘) n A. [. S6ep3un B Mom} 
qasun (ycrHoe coo6urenue). | 
Or M. vitaliana vitaliana Orb. orgzenuaca, T10-BHJ,MMOMy, nozBuy. M. vitat 
liana turkmena Nevessk., HaxoquMblii B Gomee rayOoKOBORHBIX MepreJIHCTbIM 
OTMOKEHHAX 1Or%KHOrO Maurpliiaka HW OTMUAIONMiiCA TOHKOCTCHHOCTbIO CBOUN 
CTBOPOK. 
Bo HWKHeEH YacTH CpeqNero CapMata sBcTpeuaetca TpeTuH NoOLBUuy — M| 
vitaliana prepallasii Egor. *, recuo cpa3anubtit MepexOMHbIMA (cbopmMamu q 
NePpBbIM MONBULOM H XapakTepHsyioulMlicA MOMBePpHYTOCTBIO 3aKHNeBOorO NOV, 
Jlanbueimee passutue M. vitaliana praepallasii Egor. B pe3ysbTaTe yBe 
THMCHHA BRICOTHI 3AKHJICBOFO MOA, MepeMelleHHA MaKCHMYMa BBIMyKMOcTH B 
MPUKUJCBYIO YaCTb MepeAHerO MO/IA, YBEMYEHNA BBICOTbI MaKYWIeK 4 H3MeCHeHH 
APYTHX MPM3HaKOB TpuBerM K OOpa3z0BaHuio Bua M. pallasii Baily. 
Ff * Ory copmy B. E. Eroposa ppienuna Kax Buy M. praepallasii sp. n. (). 
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I 
_ B nocnequnit BxogaT 4Ba NO_Bufa, CMeCHAIOMIMX Apyr Apyra Bo BpemeHn. 
/Y qimnenue paxosuH M. pallasii Baily, ymenbuenue ux MakyuleK, OTBepTbIBa- 
{He 3aKHJeBOrO NOMA KHapyxXu MpHBOAUT K OOpasoBaHuto no_Busa M. pallasii 
Simionescui Macar. Jlanbueiuee usMeHeHue yKa3aHHbIX IpH3HaKOB Mpu mo- 
|IBCHUM TpeOeHYaTOCTM KMJIA HM XOPOIIO BEIPAaKeHHOrO 3MAHHA OOPazyer HOBBIii 
434 —M. fabreana Orb. 
__ @unoreneruueckaa BetBb M. praepallasii sp. n.—M. pallasii Baily — 
‘M. fabreana Orb. 6Onima nana Eroposou eme Bp 1945 r. 
_M. crassicolis Sinz. npousBogutca B. I]. Konecuuxospm B 1925 r. (3 
_or M. vitaliana Orb. (r. e. d@baxtuyeckn or M. fabreana Orb.), B 1935 r. (*) —or 
‘M. paiilasii Baily, as 1940r. (®)—or M. avida Egor. Ha necocrostembuocTb m0- 
swleqHel TOUKM 3peHHA yKa3asa BnocmezcTBun B. E. Eroposa (?). Stu dopmpt 
{IPHHaexKaT K pa3sHbIM rpymmaM u He MOryT ObITb (buOreHeTHYeCKH CBA3AHbI 
(Ipyr c Apyrom. Kpome Toro, M. crassicolis Sinz. Bcrpeyuaerca BO BCel Tome 
qpepXuero capmata, a M. avida Egor. o6pruHo B BepxHeii ero uacTu. 
( M. crassicolis Sinz. pesKo ormuHa mo cBoemy crpoenuio Kak or M. pallasii 
3aily, Tak uw oT M. fabreana Orb., 4 HuKTO 43 aBTOpoB He OTMeda HamMuMA 
(M@KILy HAMM (OpM MepexogqHoro xapakTepa. Bonpoc o mpouncxoxygeHuu M. 
yorassicolis Sinz. ocTaetcad OTKPbITHIM. 
Hexortopple uccmegqoBaTeim o6segquunatot M. crassicolis Sinz. B omMH Buy 
i: M. bulgarica Toula (?-*) una c M. bulgarica Toula u M. nalivkini Koles. 
3). Yka3aHuble tpopMpl, cormacuo B. I]. Komecuukosy (*, °), cnegqyer paccmatpu- 
"3aTb KaK CaMOCTOATEJbHbIe BUA, TAK KAK OHH JOCTATOUHO XOPOUO pa3zMualIOT- 
ca Mexky co6oH. Byy4an wuMpoKo pacmpocTpaHeHbl B BePXHeCapMaTCKHX OT- 
JOMMCHHAX, OHH HepeAKO BCTPeualoTCca COBMEeCTHO. 
| Or M. crassicolis Sinz. mpoucxogut M. pseudocaspia sp. n., HalJeHHaa 
3MecTe Cc Helo Ha tore Maurplilimaka 4 CBA3aHHaA C Heli peAKHMH MepeXOXHbIMH 
bopmamu. Ilo dbopme paxosuHnl M. pseudocaspia cxogqua c M. caspia Eichw., 
ITO, 110-BUAMMOMy, OOyCJIOBMeHO CXOJHbIM OOpa30M UX 2%KH3HH. C M. caspia 
‘tichw. cbumoreHetuyecku cBa3aHpt M. pseudonalivkini sp. n. u M. avida 
igor. Ha npoucxoxyenve M. avida Egor. or M. caspia Eichw. Onto yKa3aHo 
3. E. Eroposot sp 1955 r. 
- Bousoges. 1. B ormune or cxempl B. II. Konecuuxosa (*) B mpeqarae- 
10H cxeme yKa3biBaetca, uTo M. podolica}Eichw. npoucxogut or M. eichwaldi 
uask., a He ot M. fabreana Orb.; M. naviculata Baily orBeTBuacb, m0-BH.u- 
somy, ot M. podolica Eichw., a ue or M. praecaspia Koles. 
2. Tloyrsepxxmaerca cbuoreneruyecKad JMHuA pa3BuTua: M. praepallasii 
sp. n.—M. pallasii Baily — M. fabreana Orb. (1); oguaxo M. praepallasii 
gor. paccMaTpuBaetca Kak mogsug M. vitaliana Orb., a B cocrase M. pallasii 
Baily Belyensorca qBa nogBuga —M. pallasii pallasii Baily u M. pallasii 
‘imionescui Macar. Tlocnequnfi Maxkaposuuem (8) HenmpaBHJIbHO OTHOCHJICA 
¢ Bugy M. vitaliana Orb. 

3. M. vitaliana Orb. npoucxogut ot M. eichwaldi Lask. uepe3 nozBuy 
A. eichwaldi crassa subsp. n. 


Tloctynuno 
3 IX 1958 
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1959. Tom 124, Ni 3 


MHUKPOBHOJIO‘H AW 


r. ©. FAY3E, fr. B. KOUETKOBA u IT. B. BJIAMHMHMPOBA 


O JEMCTBHM MPOTMBOPAKOBDIX BELNJECTB 
HA BHOXMMHYECKHX MYTAHTOB MHKPOOPrAHH3MOB 
C NOBPEXKJEHHbIM OKHCJIEHHEM 


(IIpedcmaeaeno axademuxom A. JI. Kypcanoseim 17 X 1958) 


Panee Hamu OblWwIH NOyUYeHbI MH UCCJIeEZOBAHbI OuoxHMHUECKHE Mya pI 
C NOBPeEKTCHHBIM OKHCJICHHEM Y [POAKKEBHIX KeTOK (); CTac:pHJIOKOKKOB (?) 
6axtepuii KumeuHol rpynnet (*) u Bacillus mycoides (*). OTH MyTaHTbI Mory) 
paccMaTPpHBaTbCA KaK aHaJIOrM PaKOBbIX KJICTOK, NOCKOJIbKY AA MOcJeTHH | 
XapakrepeH edekKT AbIXaTeJIbHOrO, anmapata. C weubio JaJibHeniero paca 
HUA (PPOHTa UCCEOBAHUA B STON OOMACTH MbI NONbITAMCh NOMYYUTb aHaJOrHy| 
HbIe H3MCHCHHA B KIeTKaXx Mpoctenuwux. B KayecTBe OObeKTA Obl HCMOIb3OBa E 
6ecliBeTHbI 2%KryTHKOHOceL, Polytoma uvella, orHocsmnlicaA K xXJIaMHJOMOHaam 
KOTOPHIi OGsafaeT CnOCOOHOCTLIO MpeKpaCHO pacTH KaK B %KHAKUX,TaK He 
TBePfbIX arapH3OBaHHbix CpefaX, HHCKOJIbKO He yCTyMasHt B STOM OTHOLICHH 
OaKTepusn (°). 

Jlia nomy4ueHuA MyTaHTOB C JecpeKTOM OKHCJICHHA MbI BbIJeJIMJIH HECKOJIbKé 
HOBLIX WiTaMMoB Polytoma uvella u3 HacToeB TOPdAHHHKOBOM NMOUBbI, HW OCBO! 
60MM UX OT COMYTCTBYIOWMX OakTepuli WyTeM pacceBa Ha arapH30BaHHble cpex 
WM W30JALHM OTJCIbHbIX KONOHHH. IIpu KyAbTHBUPOBaHHH Oblia HCHOb30BaH 
arapH30BaHHad (a TakxKe *KuAKasA) Cpefa clelyroulero coctaBa: 50% tTopdsHor 
oTBapa (1 xr Topda aBroKlaBupyertca Cc 3 I BOsbI B TeueHHe 30 MuH. pH | aTM. 
(busIbTpyeTca uepes BaTy u pH AoBogutcsa Wo 7,0) cmemmmBaetca c 50% cpeni 
Beuexe (Ha | a Boge Gepetca 0,5 r Ca(NOs)2 , 0,1 r MgSO, u 0,2 r KsHPO,) 
SaTeM K 9TOM cpeye MoOaBaetca 0,5% ateTrata Hatpua u 1% Oynbona Xo7 
TuHrepa (600 mr-% NH, —N), a Takxe 2% arapa, u cpema aBTOKaBupyeTc} 
(pH 7,0). KyaprupupoBpanue BegeTca B CTEPHIbHBIX yCOBHAX pu 28°, np 
yepeOBaHUn TBEPAOW HW XKUAKON (6e3 arapa) cpeAbl yKa3aHHOroO BBIIUe cocTaBal 

IIpu sosgelicrBaa Ha pasMuHbie mtammer Polytoma uvella pprcoKumi 
TemMiepaTypaMu, YJIbTpapuoneToBol pafualluell H ypeTaHOM HaM He yyanoc: 
HaOJNOJaTb HM Ha TBEPAbIX, HH B XHKUKUX CpelaxX MOABMEHUA MYTAHTOB C JedeK 
TOM OKHCeHHA. HeoOxoQuMO OTMeETHTb, 4YTO yKasaHHble Bo3elicTBuA OBI 
BeCbMa 9¢PeKTHBHEIMH MPH MHAYKIMM MYTAHTOB C Jec)eKTOM OKHCJICHUA Y 6aKTe 
Pu M MpoxoKel. Orn HaOMOLeHHA 3acTaBYJIM Hac OOpaTHTbeA K BOSTeLCTBUH 
KaHIepOreHHbIX YIVICBOLOPONMOB, KOTOPble OGaalOT CMOCOGHOCTHIO 3JeKTUBH! 
HaKaMlIMBaTbCA B MUTOXOHAPHAX XKHBOTHBIX KJI€ETOK, Ma@JIMTHUSAIHIO KOTODBI 
OHM BbI3bIBaIOT (°). Mb BBeIH B COCTaB TBepAOH WH X2XHAKOH MMTATeMbHbIX cpel 
yKa3aHHOrO BbIMe COCTaBa BeCbMa SPPeKTHBHBIH KaHMePOreHHbI yrueBoLopo, 
(9,10-numeruu-1,2-6eH3aHTpatien) B KoHWeHTpatun 0,001—0,0005%, u KyapTH 
BHPOBaJM OHH M3 ITaMMoB Polytoma uvella Ha stux cpeqax B TeyeHne AuTenH 
Horo Bpemenu (3 Mec.), mepeceBad ux yepes KaxKybIe 48 vac. c TBEPABIX cpe 
Ha %kuKue u OOpaTHO. Yxe B CaMOM Ha¥ane sTOFO onbITa NOL BOSCHCTBHE! 
KaHeporeda Mbl HaOJOJanu CTHMYyJIAUMIO pocta u NOABMeHMe Ha TBepybl 
cpefax HeOObIUHEIX KOJIOHHH C po30BaTOii oKpackon. Ilocne mHoroKpaTHO. 
MSOAIMH TAKMX KOJIOHHH MbI B KOHIC KOHI[OB NOUN N3MeHeHHBI UITaM 
Polytoma uvella, nocrosHHo oOpasylouluit Ha arapH30BaHHBIx cpemax 6¢ 
KaHlleporeHa MeIKHe€ KOJIOHHH PO3O0BaTO-OpaHxKeBOrO Berta. Upyrok wtam 
Polytoma uvella, KOTOPbI He NO_Beprasica Bo3spelicTBuIO KaHlleporena, oOpé 
SOBBIBaJI Ha arape O6ovlee KpynHbIe O6enoBaTHe KOJIOHUH. TIpixanue Hof 
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Pema =noyBepraBueroca BO3sfeHCTBHIO KaHleporeHa (MYyTaHT  <«Kak- 
eporen»), H3MepAJIOCb B anmapate Bap6ypra npn 28° no o6brHoli MetomuKe. 
ATYTHKOHOCIBI MpeABapHTeJIbHO KYJIbTHBMPOBaJIMCb B TeyeHHe 48 uac. mpH 
8 Ha XUAKOW Cpefe yKa3aHHOro BbIllle COCTaBa, H HX DbIXaHHe onpeyemAoch 
. TOM 2e cpegze. KoumuectBo norpe6leHHorO KuCNOpoxa paccunTbIBaoch He 
a CyXOH BeC, a Ha YUCNO KeTOK. C 9TOM WebIO U3 CycneHsHH 2%KTYTHKOHOCHEB, 
CNOMb3yeMOH JIA oOMnbita, Opasacb mpo6a, cuKcupoBaach oOaRneHnem 
NeqoB POpMasJINHa JIA NpeKpallleHuA ABUXxKeHUA CCOGeH, M 3aTeEM YNCIO KeTOK 
€UHHe OObeMa NMOJCUNTHIBaIOCh B KaMepe Toma. 

TpixaTesbHble KOshPHUHeHTb! Y HOPMaJIbHOH KysbTypEI Polytoma uvella 

y OvoxumuuecKOrO MYyTaHTa C MOBPexJeCHHLIM OKHCJICHHEM OKa3aCb pas- 

MUHBIMH (KONMYeCTBO KHCIOpOya B KyOuYeCKUX MHJIINMeTpax, NOrmomleHHoe 
a 1 uac, nmpu pacuete na 10° KneToK HopMasbHan KysbTypa 66,2, MYTAHT 
Kanueporen» 44,0). 
| Kak BuQHO u3 MpHBeseHHBIX JaHHbIX, MYTaHTHad KyAbTypa xapaktepusyer- 
aA Oowlee CaObIM [bIXAaHHEM NO CPaBHEHHIO C HOPMaJbHOL, noTpe6seHHe KuC- 
jopoya y Hee cocTaBsxeT TOMbKO 62% oT noTpeOmeHHA KUCOpOsa HOpMasJb- 
OU KYJIbTypOH. OTH Pa3sNMYHA HaCNeACTBeEHHO 3aKPelIeHbI H COXPaHAIOTCH 
IMTEJIbHOe BPCEMA NPH MHOFOKPAaTHBIX Naccakax Ha OOMIUHLIX NUTATeIbHBIX 
penax. 
. Tlonyyenupie Hamu OuoxuMUYeECKHeE MYTAHTHI C NOBPEXICHHBIM OKHCJICHHEM 
 powxKeh, OakTepu uv NpocTehwHx NpeAcTaBMAOT HHTePeC KaK TeCT-COBEKTHI 
{PH W3bICKAHHAX MPOTHBOPaKOBbIX BEecTB. B CBA3H C STHM BECbMa BaxKHO 
‘CTAHOBHThb, OOJaWaloT JH U30NPaTeJIbHbIM MOMABAIOUIMM JeUCTBHeEM Ha STHX 
[yTaHTOB yxKe M3BeCTHbIe B HacTOAllee BPeCMA NPOTHBOPaKOBble Mpenapatyt, 
OTOpble 3apeKOMeHOBasIH CeOA B SKCNEPHMEHTE HIM B KJIHHMKe MPH seueHHH 
{€KOTOPLIx (bopM pakoBol GoviesHu. B HacTosmlel pa6ote coodmlarwrca pesyub- 
Tb VWCCIeOBaHHH B STOM HallpaBuJieHun. 

Lerpauou (1,6-6nc-(8-xs0pstusamuHo)-!,6-nye30Kcn-JI-MaHHHT) ABJIAeTCA 
ecbMa 3cctpeKTHBHBIM NpenapaTOM XJIOp2THaMUHAa, KOTOPHI NMOMaBAaeT pas- 
MTMe pa onyxouleH KaK B SKCMepHMeHTe, TaK H B KHHNKe (”). 
_ BecbMa HHTepeCHbI pe3YJILTATbI UCHbITAaHUA OakTepHocTaTHuYeECKOrO WelcTBHA 
(erpaHosia Ha OHOXHMHYeECKHX MYTAHTOB CTa*pHJIOKOKKOB M KHIWeYHOM MalOuKH 
TIOBPeXKNCHHIM OKVCJIeHHeM, KOTOPbIe MpHBeeHbI B TAO. 1. OnbITH! CTaBHJICb 

Ta6auna 1 


Vis6upatentnoe GakTepHoctatHyecKoe eCTEHe Lerpakovia Ha OMOXHMMYECKHX MYTAHTOB 
HEKOTOPBIX OakTepHli Cc NOBpexkeHHbIM OKHCJICHHEM | 


KonyenTpauuu erpanHowia B arape B Mr/MJI 


ae ada 4 2 | 4 0,5 | 0,25 0,12 0,06 0,03 | 0,01 

ped Lae | by tio 
Bacterium paracoli +) ++ a aii a” avs 
To »xe, MyTaHT 52-1 — | — | — | — a = ie = ate 
Staphylococcus aureus ine Lae sf 
To xe, myTant YO-2 —}|—;—]}] — — aL bow lems é3 
To xe, mytant Y®-3 —};—};—-]}] — -|- aE elt. ule als 


; uamKkax I[lerpH Ha NMTaTeJbHOM afape, COfepKalleM PpasJIMYHbIe KOH- 
(eHTpalluu erpanouia. 

| Kak nokasbiBaet Ta61. 1, NerpaHO COBCeM He yrHeTaeT PocTa HOPMaJIbHBIX 
{yIbTYp cTapHOKOKKOB VM KMIWeUHOH NalOUKH (BIVIOTh QO MaKCHMaJIbHOH 
icnbitanHo KoHWeHTpanuH 4000 y/mu1), H B TO Ke BpeMsx M38OnpaTeJbHO Nopaxaer 
OCT OHOXHMMYCCKUX MYTAHTOB STHX OakTepuli C WedeKTOM OKUCCHHA. Oco6ex- 
{O YYBCTBHTC/IbHBIM OKa3aica MyTaHT Bact. paracoli, KOTOpbIH MO/IHOCTHIO 
ipeKpalllaer pocT npM KOHWeHTpalluu erpaHosa 60 y/M1. Mytautsr craduso- 
<OKKOB IIpeKpalitaloT POCT MPM KOHIWeHTpallun Aerpanoa, 61u3kOH K 250 y/Muan. 
. 12°.) G16 


TakuM 06pa30M, MbI MOMKEM 3aKJIIOUHTb, 4TO qedbext OKHCJICHHA B OaxKTep 
anbHoll KNeTKe enaer ee CnellupuyeckH YASBAMOM MIA MeHCTBUA WerpaHolle 
MexaHv3M 9Toro u30upaTebHOrO AeliCTBUA 3aCyKUBACT CMeWMaNbHOrO AHA 
3a, MOCKOJIbKy 39e@Cb HMeeT MeCTO OYeBUAHbIM MapaeIM3M C 30H Pp aTeJIbHbI 


TaOmuna 2 


Vis6upatenbHoe GakTepHoctaTHyeckoe Jeit- 
CTBHe aKTHHOMHUMHa C Ha OMOXHMH4CCKHX 
MYTAHTOB HeKOTOpHIX OakTepH c NOBpexK- 
JICHHbIM OKHCJICHHeM 
ila Sle Sole ae ea eS Sa 
MuHuMasibHaa 
nowaBpsawoulan 
KOHUeCHT pala 
B arape B y¥/MJ 


Tect-OaKTepHu 


ylelicTBueM {Ha PaKOBble KJICTKM C I 
BP@KTCHHDIM [bIXaHHeM. anbuenu 
u3yueHHe JaHHOrO BOMpoOca MOXET IIpY 
BeCTH K Oomee rlyOOKOMy MOHHMaHHT 
MeXaHH3Ma IIpOTHBOpaKOBorO AeHCTBU 
XJIOPSTHJIAMH HOB, | 

AxktuHOMUULNH C. IIpotus 
pakoBoe jleHCTBHe AKTMHOMHILMHA | 
KyJIbTypaX TK@aHM WM B OMNbITax Ha Jk 
OopaTOpHEIX KMBOTHBIX, © 3apaxKeHHBI! 


HEKOTOPBIMA OMMyXOIAMH,  HaOwiosla, 
A j : XakmaH (8). | 
ae ian 0.645. Kak noxaspiBaeT Tabu. 2, uCIIbITaH 

HbIM HaMH KPHCTaJIM4eCKHH mpenapa 
Staphylococcus aureus 0,120 aKTHHOMHUMHa C OOsafaeT APKO  BBbi 
To xe, mytaut YO-2 0,003 PaxKeHHbIM H30HPaTeIbHbIM WelicTBHe? 
To xe, mytaut Y®-3 0,007 Ha OMOXHMMYeECKHX MYTAHTOB CTapuJO 


KOKKOB HM KHIIe€4HOH MalouKH Cc Aedpek 
TOM OKHCJICHHA, KOTOPHIe OKa3a/IMCb 3HAYHTEIbHO Ooee YA3BUMBIMH JIA Oak 
TepHOCTaTHY¥eCKOrO WeHCTBHA AKTHHOMMIMHa C M0 CpaBHeHHIO C HCXOJHbIMI 
KYJIbTypaMu Tex Ke BHOB, OO/aalOUlMMH HOPM@JIbHbIM JbIXAHHeM. 
AuTu6OuoTuHK 6270. Jror MporuBOpakOBbId aHTHOHOTHK Ob NO 
ayuyeH B VucrutytTe m0 H3bICKaHHIO HOBLIX aHTHOHOTHKOB AMH CCCP u3 KyJE 
TYpbl JlyuucToro rpH6ka, Omm3Koro K 
Actinomyces flavochromogenes. OH BBI- 
eeu B cbopMe KpucTaMYecKoro mMpe- 
mapaTa H M0 CcBoeH XHMM4eCKOH Mpupo- 
We OTHOCHTCA K rpynne SXHHOMMUMHOB, 


Ta6nauna 3 


Vi36upatesibHoe GakTepHoctaTHyecKoe ei 
CTBHe IIpOTHBOpakoBoro aHTHOHOTHKAa 627 
Ha OHOXHMHYeCCKHX MYT@HTOB HeKOTODBi 


XOTA H OTMHYACTCA OT 9XHHOMHIMHHa, C@KTepH Cc MoBpexKAeHHBIM — OKHCJIeHHe 
onucaHHoro B wMTepatype (°). AnTu- nee 
OuoTuHK 6270 B onbiITax Ha MKHBOTHBIX noqaBanouyas 


Tect-6akTepHu KOHUeHTpallus 


oOmaaeT 3HAYHTeEMbHbIM MpOTHBOpaKo- B arape B Y/M 


BbIM J@HCTBHEM B OTHOUWICHHH CapKOMBI 
Kpokepa H aCIMTHOrO paka Opsuxa. 
Ilo cue cBoero ,eHcTBHA Ha J1uM(pO- 


Bacterium paracoli >5 


CapKOMy OH IIpeBOCXOQHT aKTHHOMH- To xe, mytant 52-4 0,002 
IHH. 

Baxtepuocratuyeckoe pelicTBue aH- Staphylococcus aureus 0,060 
THOMOTHKa 6270 Ha O6nvoxuMu4ecKHx To xe, MytaHT YO-2 0,008 
MyTaHTOB OakTepHit c jedexToM oKuc- 1° Xe, Mytant YO-3 0,016 
JIGHHA TpuBeseHo B Tad. 3. IIpenapar 
cnepBa pacTBopsetca Bcnupte (1 mr/m), Bacillus mycoides S 0,030 
a 3aTeM pa3BOQUTCH Bool mo Heoo- 1° *% MyTaHT m-2 ea: 


XOMMMDBIX KOHWeHTpaluh. Mcnbiranua npousBO_MIMCcb Ha arapoOBbIX MacTUHKé 
B uauKax Ilerpu. 

Kak noKaspipaet Ta6a. 3, adTuOuoTuK 6270 u3s6upaTenbHO NomaBAAeT po 
OHOXHMM4eCKHX MYTAHTOB C eeKTOM oKuceHHA y KHUeYHOH namouK 
cTapuoKoKKos u Bacillus mycoides. 

IIpx usyyenuu u306upatenbHoro mnoxaBrsatoulero NeHCTBHA YNOMAHYTh 
BPILUC MPOTHBOPaKOBBIX BelleCTB Ha KYJIbTYpy XryTHKoHOcHa Polytoma uvel 
C NepekTOM OKUCNeHUA, OBI MOMYYeHDI Take Ke pe3yJIbTaTbl, KAK WM B OMIT: 
¢ MyTaHTamu OakTepnit. Mbt HcnOb30BaIn rpanMeHTHble YaLIKH C MHTATeRbHE 
arapoM, COWepxkKalllMM MCIBITYeMbIe Mpenaparhl B pas MUHBIX JO3MPOBKax,v Hall 
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yp P. uvella, pacrymme B xuqKux cpemax B TeueHHe 48 uac. Ipu cojlep»kaHun 
KTHHOMUIMHa C B arape, paBuom 10; 5 u 2,5 y/ma (puc. 1), OH 3HauNTeIBHO 
MJbHee NOMaBJIACT MyTaHTHy!0 KyJbTypy P. uvella, vem HopmasbHyt0. Taxoli 
<e odmpeKT BbISbIBAeT MH MPOTMBOPaKoBbili aHTHOUOTUK 6270 B osuposKax 1,2; 
1,6 u 0,3 y/ma. B orauune or STOrO, XHHHH MW aKPHXHH, KOTOpPbIe He oOnaqaior 


WM plan Sy/mun ae 


G 


Rare Qipao 


io: 


Puce. 1. [eltictave pa3nMuHbIx BeLeCTB B IpaQMeHTHbIX yallIKax c 
arapH30BaHHOH cpefsoH Ha pOCT HOPMaJIbHOH KysbTypbl Polytoma 
uvella (Genie Nomocbl) H ee GHOXHMMYeCKOrO MyTaHTa Cc JetbeKTOM 
okKuceHHa |(yepHbIe Momochl). A — akTHHomMHuNH C; 5B — antu- 
| 6uoTuK 6270; B — Terpa3on 


IPOTHBOPaKOBbIM JeHCTBHEM, B PaBHOH Mepe MOMaBMAIOT pOcT OOe€HX KY JIbTyP 
Polytomauvella. Terpa3ou (2, 3,5-TpudenuteTpa301xJIOpuy), Take He OOaato- 
IMM MPOTHBOPaKOBbIMH CBOHCTBAaMH, CHJIbHee peAVUMPYeTCA HOPMAJIbHOH CbopMoH, 
M, M0-BHAHMOMY B CBA3H C STHM, 3HAYHTEJIbHO CHJIbHEe NOMaBJAeT Ha PpayveHT- 
HbIX WallIKaX POCT HOPMaJIbHOM KybTyppEI P. uvella’no cpaBHeHuio C MyTaHTHOM 
(Ipu cofepKaHUN TeTPa3z0Na B rpaWeHTHBIX YaliKax, paBHom 100 un 50 y/o). 

IloqBoXa HTOTM MOXKHO 3aKJIOUNTh, ITO MCMbITAHHbIe HAMH MpOTHBOPaKOBble 
IpenapaTb! OOaaloT H3OUPATeIbHbIM MOLABAIOULHM eHCTBHeEM Ha OMOXHMH- 
JECKUX MYTAHTOB MHKPOOPraHH3MOB C NMOBPeXJCHHIM OKHCJIEHHEM, H NO3STOMY 
IOCMeMHHe MOFyT MpeACTaBHTb S3HAUMTEIbHbI MHTepeC Kak TeCT-OObEKTHI 
IPH W3bICKAHHAX HOBbIX MPOTHBOPAKOBbIX BeLIeCTB. 


VuctutyT 0 H3bICKaHHIO HOBbIX aHTHOMOTHKOB Ilocrynus0 
AkajleMuH MeqHUMHCKHX HaykK CCCP 16 X 1958 


UHMTHPOBAHHAS JIMNTEPATYPA 


17, @.Fayse,Il. B. Kouetxosa,T. 5B. Boagumuposa, AH, 117, 
38 (1957). ?T. © Tayse, Tl. B. Kouetxosa, I. B. Boagumuposa, JAH, 
17, 720 (1957). *T. ®. Tayse, J. UM. Wpauuukas,l. B. Baoakumuposa, 
[AH, 118, 189 (1958). 41°. © Tayse, JI. 1. UWpanunkaas, Tl. B. Baoaqumu- 
oBa, V3e. AH CCCP, cep. 6uon., Ne 5, 719 (1958). © E.Pringsheim, Algenrein- 
ulturen, Jena, 1954. °® A. Graffi, Zs. Krebsforsch., 49, 477 (1939). * B. Kellner, 
. Nemeth, Zs. Krebsforsch., 61, 165 (1956). ®C.Hackmann, Zs. Krebsforsch., 
g, 607 (1952). *® R. Corbaz, L. Eltlinger et al., Helv. Chim. Acta, 40, 199 (1957). 
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Jloxnnagn AkawemMuu Hayk CCCP 
1959. Tom 124, Ni 3 


BHO@®HSHK 


MW. B. JIATBHHOBA 


RJIASHHE TEMMEPATYPbI MOCJE OBJIYYEHHA HA PEAKLHIO 
MAPAMELWHM, BbISBAHHY!O PASHbBIMHA JO3AMH HOHHM3MP FOIE 
PAAWAUMH 


(IIpedemaeaexo axademuxom A. JI. Kypcaxoeorm 11 IX 1958) 


TemnepatypHoe Bo3qeHcTBMe MpeAcTaB/AeTCA YROOHEIM, MeTOJIOM ane 
palualMoHHoro NopaxkeHua OMOJIOrH4eCKHX OOBEKTOB (, *). Pauee (*) Oba 
MpescraBleHbl LaHHble O BAMAHMM TeMMepaTyPHBIX yCIOBHH KYJIbTHBUPOBaHAs 
Ha MHTAKTHBIX HHpy30pHH uM ObIIO MOKA3aHO, YTO TeMIepaTYPHOe BO3eHCT 
Bue Mocme OSy4eHua uHpysopuH oso 100 kr oKasbIBaeT Oovlee BLIPaKeHHO 
BIMAHMe Ha Mpolecc pemapalluu, weM Ha Mpollecc nospexseHuA. Ecuu mpexq 
MOJOKUTh, TO MPH MpPOUWX PaBHHIX yC/IOBMAX BOspacTaHHe MO3bI palualla 


x ° | ; 

NS 7) 

Si” Sse ; 

SS SS 

Sx Sx ° 

S25 2x05 

3S SS eye) 
aS ae n (el ai fae eee | 
S 2 0) 6. 8) Dom 8 1 G45 bel 128 bona 


Gpema nocne obnyyeHuAa ———- Apema nocne obny1eHuAa———— 


Puc. 1. SapucumocTb Temma Aemedua ma- Puc. 2. SapucumMocTb Temma AeneHua mapamennit 
paMellWit B pa3Hble cpoKM Mocae oOsyye- 8B pasHble cpoKM Mocae OOyyenua B Qo3e 300 xr 


Hua B Aose 150 Kr oT TeMmepaTypbI KyJIb- OT TeMMepaTypbl KyIbTHBUpOBaHHA. OGo3HaueHHA 
THBHpPoBaHHA. a — 12°, 6 — 21°, 6 —28° Te 2#Ke, uTO HM Ha puc. | 


OyAeT BbIZbIBATb YCHeHue WecrpyKWAH, TO BoO3elicrBHe TeMMepaTypbl B 3TAX 
YCNOBMAX NO3BONNT OOMee UETKO BbIABUTb Ce BAMAHMe Ha Mpollecc MOBpexeHUA. 
Mcxoaa 3 2Toro, Mbl uCcmeqo3anM BAMAHHe TeMilepaTypbl Ha TeMM elena 
M_BbDKMBaCMOCTb MapaMellMii, OOMYYeHHBIX PeHTTeHOBCKO palualluelt B Josax 
150 u 300 xr. Ycnosua o6nyuenua Ona cmeqyiomumMa: 190 xs, 15 sa, 
Oe3 PAJIBTpa, MOULHOCTS O3bI 2680 —7650 r/man. Temnepatypa Bo BpeMs 9KCNO- 
sultud 3—4°. MeroquKka oOmyyuenua u MOcMeAyIOWero KYJIbTHBUPOBaHUA Oblla 
omucaHa B cooduleHun ('). MakyOauua mocre odmyuenna MmpoBoqusach mpy 
Temmepatypax 12, 21 a 28°. Kourponem cayxuau HeOOy4ecHHBle mapamellun, 
cofepKaBuluecd B TeX 2Ke TeMMepaTyPHbIX ycmOBMAX. 

B TeueHue mepBsix cyToK mocne OSy4eHua MpH o3ax 150 xr, u ocodenxc 
300 Kr, oTMedalocb 3aMeyq\eHue pasMHoxKeHHA HHPy30pui. Ito yrHerenue Temné 
WeleHuA OblIO BbIpPaxKeHO TEM CHJIbHee, 4eM HMKe Opa TeMilepaTypa KYJIb: 
THBUPOBaHAA. OSMy4eHHEIe MapaMellun, coxepxKaBulueca mpu 12°, B reyenne 
HECKONBKUX CyTOK BOBCe He AeMMuch. JLenenue KeTOK BOSOOHOBMANOCh AMUN 
Ha 8 cyTKu mocae Bo3qelicraua 150 xr (puc. 1) w Ha 13 cyrku nocae BospelicrBus 
300 Kr (puc. 2). JLanbueituee BoccranoBmenue CMOcoOHOcTH K JeeHuiO MpoTeKa 
JO HaCTOJbKO MeAIeHHO, 4¥TO nw Ha 20 CYTKH Mocie OOmyueHua 300 xr TeMI 
AcNeHHA MapaMelkM cocTaBAN TOMbKO 60% or KOHTpOIA. [IpH 21° remn nenenus 


HauWHay BOCCTaHaBJMBaTbCd Ha 2 cyTKH Nocae oOuly4yeHua u Ha 6 CyTKA MOUT! 


AocTurail HOpMbl. CoxepxaHne oOyueHHBIX NapaMellui mp 28° 3ameTHO ycKo 
678 


HAO HOPMaIM3alMio Mpollecca pasMHOxKeHHA pH oOGeHx 103ax paqnauuu 
fak YTO yxKe yepes 2 CyTOK Nocue BOSelicTBHA TeMM JeNeHHA 3aMeTHO He OTH. 

YaJICA OT COOTBeTCTBYIOWMeH BeJIMUMHBI 

B KOHTpoue. 

| Ilopsmnenne temnepatyppl unKy6a- 
WMH CYULeCTBeEHHO ykOpayuHBaJlO u IIpo- OrHolleHHe BpeMeHK OT Havana HHKyOalHu 
JOJDKUTEbHOCT nepuoga, mpequrect- WO HacTyIJIeHHA MepBoro eseHua ASA 06- 


JIYYeHHBIX MapaMenwi K Tol oxKe BeHUHHe 
BOBABINerO HacTyMeHuIO MepBoro Je- puna HeoOOJIYYeHHBIX TMapaMeunii B 3aBHcu- 


Ta6Onmuna 1 


jeHHA Tlocse oOsyyeHuaA (Tabs. 1). MOCTH OT TeMMepaTypbl KYJSTHBAPOBAaHHA 
Oto Kacaetca BbkKUBaeMocTH uHpy- 
(30puH, OOyueHHBIX B yo3ax 150 u Temneparypa, °C 
(300 kr un cogepx oth 
| P2KaBIUMUXCA pH PasHBIx yeHus, KT 
bTemnepatypax (Ta. 2), TO OHa yMeHb- 4 a4 | a 
Ulalacb B TCYCHHE MepBBIX CyTOK nocae 
BOSJIeCHCTBUA, IpH4YeM HanOoulee CHJIbHO : 
Pou 12°. 0 f: 100 Paes) 1,8 1 
| Ip - IIpu stoi Temnepatype cmepr- 150 3.8 ee 1\4 
HOCTb Napamelluii HaGOanacb HB NO- 300 9,0 3,5 1,8 
culeAyrouyMe CpoKu. r 
Jina oneHKu mponeccos noppexKye- Tlanypie B3ATbI H3 padorsi (3). 


‘HHA Hamu Onlin MCNOJIbSOBaHbl Take 

“KpurTepun, Kak BeJIMUHHA CHH*RKECHHA TeEMUd JeCJICHHA UW BbI*KHBAaeCMOCTH B Mep- 
’ BbIe CYTKH ILOCcJIe o61yueHHA, MNpOXOJAKUTCJIBHOCTB BDeCMCHH AO HacTyIJIeHu nr Nep- 
i Boro JIQJIGEHHA U CKOPOCTb NOJIHOK HOPMaJIH3aluu cmoco6HocTH K JCJIEHHIO Y 
/OOJYYCHHBIX Mapameltuii. SaBucuMOcTbh 3THX MOKasaTemeli OT TemmepaTypbl, 
B KOTOPOH cOsepKaluch NapamMelluu nocie OOyYeHHA, ClyxKUIa XapakTepnc- 
THKOH BJIUMAHHA ee Ha TIpomecce JIydeBoro MOBPe27K CHU i. 

TaOnmuna 2 


BppkuBaeMOCTb MapaMelH Mp pasHbIX TeMMepaTypaxX HHKyOalHH Mocue oOyyeHHA 


Temnepatypa, °C 


Bpema noc- 
se o6myue- 42 al 28 
HHA B CyT- 
aoe Onbpit | KouTpoub Onpit | KouTpouib Onpit KoutTpoub 
Alomar AlNOMse 
4 65,643,7 | 97,944,5 | 78,4+2,0 | 99,0+0,03] 70,043,8 | 96,4+2,0 
2 63,1-43,7 | 97,841,5 | 77,7+2,0 | 98,044,3 | 70,043,8 | 94,442,5 
3 54,648,6 | 98,041,6 | 77,7+2,0 | 98,1+1,3 | 69,3+3,9 | 94,142,5 
4 53,.648.6 | 98,041,6 | 77,742,0 | 97,141,7 | 67,2+3,9 | 89,443,3 
5 51.14+5,2 | 98,041,8 | 73,344,0 | 97,641,7 | 66,4+3,9 | 89,243,3 
Wo3a 300 rr 
4 76,1+4,2 100,0 72,0+4,1 100,4 95,1-+4,5 100,0 
p 63,7+44,8 400,0 72,044, 1 100, 4 95.14+1,5 | 97,7+1,6 
a 55,5449 | 98,24+4,9 | 72,044 | 97,142,0 | 95,144,5 | 97,7+1,6 
4 55,5449 | 98,.2+1,9 | 72,0441 | 97,142,0 | 93,1+2,1 | 96,6+2,1 
5 54,15,0 | 98,2+4,9 | 72,0441 | 95,742,4 | 93,142,1 | 94,44+2,4 


IIpu Bcex 03ax BIMAHHe TeMNepaTypbI Ha TEMM AeeHHA B MepBbIe CyTKH 
nmocie OGJyYeHHA ABJIAeTCAH HAaMMeHbUIMM. Bnecte c TeM, NO Mepe yBeJINYeCHHA 
JO3bl pafluallun UH, CJeOBaTeIbHO, yCHJIEHHA NOBpexJeHHA, B MepBbIe CYTKU 
mpoulecc JeeHuA KeTKH OOHaApyXHBaeT BC€ MEHbILYIO 3aBHCHMOCTb OT TEMIIe- 
parypbl (puc. 3). Ha ocHoBaHuu STHX aHHbIX MOXKHO FOBOPUThb 06 OTHOCHTEeJIb- 
HO HeOOJIbIIOM 3AaBUCHMOCTH MIpoleccoB AecTpyKUMu OT TemMMmepaTyPH. 

TlocrpouB KpHBylO H3MeHeCHHA BeJINUMHBI 

1—<, 
rie o TeMn fleeHuaA B OMbITe, k —TeMM JeJIeHHA B KOHTPOJe, B 3aBHCHMOCTH 
OT BpeMeHH B CyTKaX C MOMeHTA BOSCHCTBHA PalMalluH, Mbl MOYYHM rpauk, 
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xapakTepu3ylollui CHHAKeHMe TEMA jesleHnA as Pe ‘ 
7030H H pu AaHHOH TemnepaType MHKyOalun. SAaBHCHMOCTb Kea. | 
JleHUA OT MO3bl payMallHH MOKHO BbIpasHTbh NPH NOMOWH BeJHYH ne ne | 
cTaBsiolleli Ha yKa3aHHOM rpadpuKe Molla, OrpaHHueHHy!O OCbIO Me oe 
OTpe3KOM OcH aOclMCc, PaBHBIM N10 BeJHYUHE BpemeHH B evans A por 
MaIM3allHH CKOpOCTH pa3MHOxeHHA MapaMel{MH, H KPHBOH yrHeTeHu TI 
nenenua. Benmuuna S, TakuM OOpa3om, xapakTe- i 
PU3YCT TAXKECTh MyYeBOrO NOpaxKeHUA HM BKJIOUA- 

eT B ceOa rayOuHy HayaJIbHOrO NoBperxKeHHA H 
COOTHOWMeHHe CKOPOCTeH pa3BUTHA MecTpyKUMH 
M penapaluu mocue o61yueHuA. CpaBHeHHe STUX 
moKa3aTeel pv pa3HbIX Mo3ax HM TemMMepaTy- 12 
pax (puc. 4) nmo3Bo/IMeT TOBOPHTb O TOM, UTO 
TAXKECTh JyyeBorO NopaxkeHHA Bo3spacraeT MO | 0 


14 


6 
ua ty 
6 
§o “ 
2 
00 _ 180 300 kr 0 
Aosa obny4eHua ——»— t . 
Puc. 3. M3menenne ckopocTv feleHua mapamMenHi Puc. 4. TemnepatypHas 3aBH- 
B MepBble CyTKH nocwe OOmyYeHHA PasHbIMH 03a- CHMOCTb JIyyeBoro NoBpexye- 
MH pajHallHH Mp M3MeHeHHH TeMMepatypbI Ha 1° HHA OT Pa3HbIX 03 palHallHyn. 
a—100 xr, 6—150 kr, 
e@ — 300 xr 


Mepe MOHH2KeHHA TeMMepaTypbl KyJbTHBUpOBaHUA. TloppueHHe TemMMepaTypbr 
CrvlaxKUBaeT PasHHLly B WeHCTBHH BOspacTalollHxX 203 pawualun. OO sTom xe 
CBHJCTEILCTBYET H TOT (PaKT, YTO MpH TemMnepatype 28° nepnoy, mpemmecTBy- 
OUMNH ~NepBOMy JeeHHIO Noce OOyyeHHA, BecbMa OM30K Mp BCeX 03aXx. 
pagualluu uv MeHbLIe, Yem pu 12°. 

CyllecTBeHHO TaKK€ OTMETHTb, YTO MOBBIINEHHE NOSbl payualluH 3aMeTHO: 
cyxaeT Npelebl TeMnepaTyp, HE BBI3bIBAaIOWIMX YMCHbINCHHA BbIKMBaeMOCTH. 
Tak, ecm nocye o6yyenua 100 kr rn6enb mpu 12° coctaBiana 5%, TO nocne 
300 xr ona Bospocia Jo 51,1%. 

VisoxKeHHble JaHHble MOMTBeEpKMaloT paHee OTMEYEHHYIO HaMH OOJIbILYyIO 
SaBHCHMOCTb OT TeMMepaTyPbI MpoleccoB penapalluH MO CpaBHeHHIO C Mporec- 
caMu noppexyenua (*). Pasmuna B TemMepaTypHOM 3aBHCHMOCTH STUX AByX 
MpOleccOB yKa3bIBalOT Ha BOSMOXKHOCTh PeryNpOBaHHA JyyeBOH peakunE 
KJI€TKH IPH MOMOUM TeMMepaTypb! KYJIbTHBUPOBAaHUA. 


Uncrutyt mopdonoruu 2%KMBOTHEIX HM. A. H. Cespepnosa Tloctynuso 
AkayemuH HaykK CCCP 10 IX 1958 


UMTHPOBAHHASA JIATEPATYPA 


_ iL. H. Grey, Acta Radiol., 41, 1, 63 (1954). *% H. M. Patt, Ann. N. Y. Acad. 
Sci., 59, 3, Art. 4, 649 (1955). %H. B. JIutenuosa, JAH, 124, N 2 (1959). 
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Jlokxann Akanemunu Hayk CCCP 
1959. Tom 124, N 3 


BHO®H3HKA. 


MW. M. WATIMPO 


O AQEPHBIX NOBPEXKAEHWAX NOKOALIMXCA KJIETOK# 
)KMBOTHOFO OPFAHH3MA, BbI3BAHHbIX MOHV3MPYIOLIEL 
PAJIMALLHEM 


(I7pedcmaezeno axademukom H. H. Illmaavzayzexom 1 X 1958) 


YrHeTeHHe CNOCOOHOCTH KJIeETOK K JeseHHIO HM] XpoMOCOMHbIe adeppaunn,. 
SOSHUKAIOIIMe B pesysIbTaTe JelCTBHA MOHM3HPYIOULeli, paqualluu, npuBo_ar 
‘ Ocma6eHHIO penapalluu TKaHeH, ruOenm ksIeTOK WM TeHeTHYCCKHM H3MeHe- 
(Mam. JJid BbIACHCHHA M€XAHH3MOB Pa3BHTHA JIyseBOH peak HM ee Nocuer- 
TBuii TIPHHUMMNAIbHO BaKHBIM TPeACTaBJIACTCA pPellI€CHHe BOMPOCOB, CBA38aH- 
IbIX C KOHCepBallveH H penapaleH AJepHbIX HAaPyYWeHHH,B NOKOAWIHXCA KeTKAaX 
; OTJaJIeHHbIe OT MOMeHTa OOyueHHA cpoKkH. M HapymieHne WesocTu xpo- 
10COM, H YIHeTeHHe MUTOTHYCCKOH akTHBHOCTH — Mpouleccbl B 3HAaYHTEeJIb- 
10H Mepe OOpaTuMble. OTHOCHTEJIbHO CKOPOCTH BOCCTaHOBJICHHA CHOCOOHOCTH 
WIETOK K J[€JICHHIO H3BECTHO, UTO OHA 3aBHCHT OT AO3bI palnalluu HU UYTO B kKJeT- 
‘aX MJICKONHTAIOULUX STOT Mpolecc yxKe npn Lose 325 r ANuTcA B TeyeHHe He- 
KOIbKUX Hel ('~*). UTo kacaeTca CKOpocTu penapalluu XPOMOCOMHBIX NOBpex- 
€HHH, TO B 9TOM BoMpoce ele HET AOcTaTOUHOK sacHocTu. Jlu (*) Obiio NOKa- 
aHO, UTO B MHKpOCnopax TpafecKaHUMH BOCCTaHOBJIeHHe WeJOCTH XpOMOCOM 
| Apyrue nepekKoMOnHalHH MpOHCXOLAT NMpuMepHO B TeyeHHe 4 MHH. B oTun- 
(M€ OT KJI€ETOK TpajeckaHIMu Ha ChepMHAX poscdusb! OblIO MOKasaHO, TO. 
\A3PbIBLI XPOMOCOM OCTAIOTCA OTKPBITDIMH B TeYeHHe BPeMeHH, MpemMecrBy1o~ 
WerO OMNJOMOTBOPeHUIO, KOTa MpONCXOAAT BoccoesqMHeHHe HM NepecTpolKy 
‘pomocom (°-*). V1 B Tom, vw B ApyroM culyyae B OTAaJIEHHbIe CPOKH Mocwie OGsy- 
HHA KOJIMUECTBO XPOMOCOMHBIX aOeppalMH JOKHO OCTaBaTbCA MOCTOSH- 
(KIM. OJ[HakO Ip paCTAHYTHIX Ha JWINTeIbHOe BpeMA Npoweccax penapalun,. 
[POTeKAIOMMX B MOKOALIMXCA KJICETKaX, KOJIMYECTBO XPOMOCOMHBIX HapylleHni 
eT YMCHbIMAaTbCH MO Mepe OTJaeHHA OT MOMeHTa OOuyueHuH. Ilozo6Hoe 
ByleHHe ObINO OOHapy2KeHO Ha oBountax (°) uv cnepMuax Aposoduspi (%). 

TaKuM OO6pa3omM, C OAHOM CTOPOHEI, HMEIOTCA JaHHble, CBUAETEIbCTBYIOMNE 
) COXPaHeEHHH YHCa XpOMOCOMHBIX MOBpexjeHHl, a c Apyrok —o ero no- 
TOAHHOM YMeCHbINeEHHH. B cCBA3H C HM3JIOKEHHBIMH JaHHBIMH NpeNCTaBJAO 
HTepec BbIACHHTb, MCHACTCA JIM KOJINNCCTBO XPOMOCOMHBIX HapyWeHHH B 
OKOAULMXCA COMATHYUECKUX KJIETKAX MJICKOMMTAWLIMX B Pa3JIHUHbIe CPOKH 
ocJle, BOSJeHCTBUA paluallHu. 

B HacTosllem cooOuleHHH CyleaHa NOMbITKa peWleHHA STOTO BoNpoca Ha 
puMepe KJIeTOK eyeHH OeJIbIX KPHIC. 

Kak M3BeCTHO, Y 3Q0POBbIX B3POCJIbIX KPbIC JemMeHHe MapeHXHMAaTO3HbIX 
neTOK meyeHH MpakTHYeCKH HE MPONCXOANT: OMMH MHTO3 OCOHAPyKUBAeTCA 
a 10000—20000 knetox (2°). Bmecte c Tem, 4acTHUHOM renaTSKTOMHeH MOXKHO 
BISBATh Pe3KOe YCHJIeHHe MX MMTOTHYeCKOM akTuBHOcTH. DBuarofapaA STM 
-OOCHHOCTAM KJICTKH TICUeCHH OKa3aJINCb BECbMa YOOHBIM OObEKTOM WIA H3y- 
eHHA TIPOWecCOB penMapallMH NOBPe%KMeHHbIX Aep KNeTOK, KOTOPbIe MOTH 
bITb OCTABJICHbI B COCTOAHHH HHTepKHHe3a Ha wJKOOOK “ MpoMexKYTOK 
PeMeHH TOCIe OOyueHHA, a 3aTeM MOOy2%KJeHb! K NeNeHHIO AVIA BbIACHEHHA 
ICTOAHHA MOBPEKCHHbIX CTPYKTYP. 

Onuithi 6biu mpoBexenbifHa Cenbix[Kpbicax OGoero mona, Becom 160—180 r. 
bIIO MOCTaBJICHO NATh cepHit 9kcrepHMeHTOB. Bo Bcex ONbITaX NPOWSBOAMIH: 
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odulee OdsyYeHHe Ha TPeXTpyOOuHOM PeHTTeHOBCKOM allilapaTe, Cosalouley 
paBHOMepHoe fo3Hoe Mose, MpH CileAyIOulHx YCMOBUAX: 180 xs, (pusibT pH 
0,5 mm Cu un 0,75 mm Al, MomtHocTb o3bI B Bo3zyxe 50 r/mMuH. B I cepum Kpbiy 
odayaanu 500 r wu uepes 1 cyTKH MO SPUPHbIM HapKO30M MPOBOAMIN YacTHy 
Hylo renaTskTommio. Lia craHapTu3alHn yCOBUH ONbITa B STOM M MOCAeAY 
lux CepHaAX BCerya ylalAH CpeAMHHY!O U JeByIO JaTepabHy!0 MOUIM NedeHH 
u uepes 30 uac. Mocne omepallHH 2KMBOTHBIX 3a0uBaIN JekanuTalwueH. Bo I) 
u Ill cepuax Kppic mogpepramm OSmyyeHnio 500 fr, HO remaTSKTOMHIO MPOBO 
jum COOTBeTCTBeHHO uepes 2 u 4 Mec. nocme oOy4eHHA. B IV cepuu KPI 
oomyuanu 2 pasa mo 250 rc uHTepi) 
BaJloM B 7 tHe, H uepes | cyTKI 
Mutotugeckua uugeKc (44c0 Mmuto30B Ha 1000 mocne BToporo CeaHca NpOH3BOLHI 
KJIeTOK) B pereHepup yrone meuyeHH Kpbic Mocwe Jim TenaTaKTOMHIO. B KauecTRe 

NN es. KOHTPOJIA CULV KUM HeoOny4eHHBy 


Ta6uuna 1 


YKHBOTHbIe, Y KOTOPbIX YasAII 

wget Nig we ate Koutpowb pe nou meveHu. B Vcepuu * 

| BOTHBIX OONyYanH 500 r, wepe} 

Muroruyec- 1 cyTKH Npou3sBosHIM remaTokTOt 
Kuit ungekc | 12,3-++2 | 28,7--4,2 |38,4+3,3 muro m0 cTaHwapTHOH MeToyuKel 
“ucn0 2KH- yepe3 30 yHeH avlaJIM act) 
BOTHBIX 14 6 i 9 4 A yA 


pereHepHpoBaBlieH 3alHeH OMI 
u uepe3 30 uac. mocue onepalyl 
2KMBOTHBIX 3a0HBaJIM; B KOHTPOJIbHbIX 9KCHeEPHMeHTaX HeOOJIYYCHHBIX XHBOT! 
HbIX NOBepraH aHaOrMUHbIM ONepaTHBHbIM BMeLIaTeIbCTBaM. | 

O ajepHbIX HapylleHHAX, BO3HHKUWIMX Mocwe OOJyueHHA, CyAMIM 0 Mpol 
WeHTHOMY COepKaHHIO KeCTOK C XPOMOCOMHbIMH aOeppallusAMu (MOCTHI, alleHT 
puueckue (pparMeHTbl) cpequ KJIeTOK, HaXOJMBUIMXCA Ha CTaMM aHa- U Tes 
cpa3bl, HW MO MMTOTM¥UeCKOMY HMHAeKcy (4Huc0 MuTo30B Ha 1000 Kaerox). IIpi 
TOH %Ke Wo3e pakualluud KOMM4YeCTBO KMe€TOK C XPOMOCOMHBIMH HapylICHH aM! 


MpOu3BOAuMach CeqyiouluM OOpa3om. Eciim pi—mpoueHT KjeTOK C XpoMe) 
COMHbIMU aOeppalluaMu y aHHOrO 2%KUBOTHOMO, a a; — OTKOHeHHe ZTOL BEE} 
YHHbI OT CpeqHero mpoleHTa aGeppauuli JA BCeX %KMBOTHBIX Cepun 9KcTe} 
PUMeHTOB, TO 


B EN; Q; 
o= =F = 34 
en;— Nn 


Te BeCOBLIMH MHOMKHTCIAMH SABIAIOTCA YHCIa COCUHTAHHBIX Y KaxKJOro +h 

BOTHOFO KJI€TOK B CTA aHa- u TelOpasbl Hm —cpeHee TAKHX COCUNTAHHBIN 

KeTOK. Y Kaxk Oro XHBOTHOPO MpocuHMTHIBaeTCA OKONO 50 aHa-u Tenopas. Jane 
fo) 

VN°* | 

rye N — uncio *KMBOTHEIX B cepuw. Murornueckuili uHAeKC Onpeqen AN i 


re) 


moycieTa y KaxkOro KMBOTHOFO KJeTOK, HaXOJMBIIMXCA Ha Pa3HbIX cTaqua 
Aenenua, cpequ 3000—4000 kaerox; momyueHHyio BenuuMAy mepecunTEIBalH 
Ha 1000 Knerox.Pesypratbl noxcueroB mOWBepraln craTHCTHYeCKOH OOpaborke. 

Jia  ructonoruyeckoro uccneqopaHua MaTepHal (buKcupoBasu B ae 
KOCTH Ifenxepa M 3aIMBasin B mapadun. I[Ipenapatet oxpautMBanu m0 Menpreny 
€ JOKPaCKOH CBeETOBBIM 3eJICHbIM. 

Ontiret | w II cepuu noKa3aqu, uro BcKope nocate o6nyuenua 500 r a 
HOCTb KICTOK K J{@JICHHIO OKASbIBacTCA B 3HAYUTEBHOM Mepe NOaBCHHOM: MUTO- 
THYCCKHH MHeKc Obl B 3 pa3a Hu>Ke, 4eM B KOHTpoue. B JambHehieM 
NPOMCXOAMT BOCcTaHOBJeHHe STOFO HapyllleHHOro mpowecca, HM MHTOTHUeCKaA 
aKTHBHOCTh KJI€TOK meueHH Yepes 2 Mec. mocwe oOyueHHA MpHG6uxKaerca 
K TaKOBOM B KOHTpOse (pasmM4uNA cTaTucTHUeCcKH HEJOCTOBepHbI, CM. TaGu. 1). 


* Onepammo 
KaK IIpaBHJIO, 2XHBOTHbIC NMePeCHOCHJIM XOPOlo; 43 MuIULeB 
oro paluoua 
onepauun O6bI0 HcKTOUeHO MOJIOKO. i i Salcas er | 
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B nevenu oOmyyennerx 500 r 2Ku30THEIX, He NO[BepraBluaxca relaTIKTOMHH, 
“MHTOSbI BCTpeyaloTca KpaliHe peqKO: yuepes 2—3 Hegenu nocwse oOydeHHA Ha 
,35000 KneTOK oOTMeyaso0cb OfHO JeseHue. 

| 8B oramuue of uHaMuKu u3MeHeHMM MATOTMYeCKOM aKTUBHOCTH, IIpOWeHT- 
| HO COepxKaHHe KIeCTOK C XPOMOCOMHbIMH HapYUIeCHHAMM OCTaBaJIOCb Ha OJHOM 
YPOBHe, H€3aBHCHMO OT BpeMeHH, Mpoulequlero C MOMeHTa OOsyueHus. Kak 
BHHO 43 TaOl. 2, yKa3aHHble BeMYMHbI XOpouIO CoBNayaM B onbITax [— 


(eaiontnin ae! 


TipoueutHoe cojepxKanve KseTOK C XpOMOCOMHEIMH abeppalluamu B MeyeHY KpbIc ocme oOnlero 
. o6nyyenua 500 r 


1 


4 KouTpoub K KouTpoub 
I cepua II cepua |3III cepua | IV cepun |I—IV cepuam| V cepua K V cepuHHu 


| Uvcuo Kue- 
mm TOK, % 60, 5-46 |52,2+4,3} 59+4 (63,8+3,7| 7,34+14,1 |25,8+2,5) 9,2441,8 
Uncno *KH- 

BOTHBIX 9 6 3 5 6 5 4 


III cepnu. Konuuectso xerox c xpomocoMHbimu adeppallusamu Obm10 oKoN0 60% 
mpoTtus 7% B KOHTpoue. 

B IV cepuu 9KCnepHMeHTOB, B KOTOPIx OOJy4eHue MpOBO_uH cpakuMoHH- 
posaHHo (250 r X 2), ObIm0 ObHapyxeHO Takxe oKO0 60% xXxpomocoMHBIX 
adeppaunit. 

PesysbpTaTb! V cepuu OnbITOB MOKa3aiM, 4TO B pereHepupoBaBIIeH ome 
meueHu Kpblc, OOmyueHHEIX 500 r, KOMMYeCTBO KMeTOK C XPOMOCOMHBIMM Hapy- 
WICHHAMH 3HaUMTeIbHO CHMxKaetcaA. Ilocme MoBTOpHOM remaTSKTOMMM y TaKMXx 
2KUBOTHBIX ObIIO MpHMepHO B 2 pa3a MeHbUe KeTOK C abeppalluAMU, 4eM B 
I—II1 cepuax onpiro3. OjHakoO uMCcJIO HX elle? 3HAYHTeJIbHO MpeBocxosusO 
COOTBETCTBYIOIY!O BeMMYMHY B KOHTpose (25% nporaB 9%). Ormerum, 4TO 
KOJIM4eCTBO KJICETOK C XPOMOCOMHbIMM aOeppalluaAMu y HeOOJLY4CHHBIX %KMBOT- 
HbIX NMOCIe OMHOKPaTHOH HW MOBTOPHOM YemaTIKTOMHH XOpOuIO coBMaao 
{ra6n. 2). 

Urax, pesyapratst I—III cepHi 9kcnepHMeHTOB MOKa3bIBalOT, U4TO BBI- 
SBaHHble Paflualluel AepHbIe HapYIIeHuA, MPHBOMAULue K yrHeTeHH1O Mporecca 
KJICTOUHOTO J[eTeHHA, MOABepraiorca MOJHOMY BOCCTaHOBJICHHIO B TeyeHHe 
uHTepKuHe3sa. B ormuaue OT 9TOFO XPOMOCOMHBIe MOBpexKTCHHA JVIMTeJIbHO 
COXPaHAIOICA B MOKOAM,MXCA KMeTKAX NeyeHH. Orciofa CTaHOBHTCA MOHATHOM 
cyMMalua appexta pauallun mpu dpakWMoHMpoBaHHu O3bl, OTMe4eHHOH 
B IV cepuu onbitos. KakoBbl NPH4HHbl KOHCepBallun MOBpexKTeCHUA — CBA- 
3aHa OHa C ObICTpO Mpoucxo_AMleH mepecTpolkol XpoMocoM mocue OOlyYeHHA 
UM C JJIMTCIbHbIM He3axKHBJICHHEM Pa3PbIBOB B TeYeHMe BCero NepHOla HHTeP- 
KuHe3a — OCTaeTCA HeACHBIM. 

BecbMa BepOATHO, 4TO KOHCepBalluA XPOMOCOMHBIX HapylleHHH HMeeT MeCTO 
He TOJIbKO B KeTKaX MeyeHH, HO HM B MOKOAWMXCA K/leTKaX JIpyruxX OpraHos, 
HampHMep B MPHMOpsMaMbHbIX (pOMMMKyaxX AMYHUKA. CyeOBaTebHO, OBO- 
UMTEI JOJKHbI COXPaHATb Bech 3alac TeHeTHYeCKHX HapylleHu, He3aBHCHMO 
OT MepHofa BpeMeHU, Mpowlequiero c MOMeHTa OOJlyyeHHA NO WeweHHA Cospe- 
BaHHs. 

Tlo-BuqumMomy, [ld moepKaHHA %AU3HECMOCOOHOCTH KJeTKH CYyIULeCTBeH- 
Hoe 3HaueHHe UMeeT HE TOJIbKO HM He CTOJIbKO HOPMAIbHOe PaClOJIOMCHHE JIOKY- 
COB B XPOMOCOMEe, CKO/IbKO CoxpaHeHue renHoro Oasauca. IloqaBasronee 60u1b- 
IMHCTBO MOKOAULMXCA KeTOK medeHH, HECMOTPA Ha UMelOUMeCA XPOMOCOMHBIC 
HapyuleHua, He mMoxBepraiorca jectrpykKuuu. B mponecce MeweHua Mpouc- 
XOMMT Hapymwenue OamaHca 3a CueT 9/IMMHHalMM alleHTpHyecKux cparMen- 
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TOB, UTO BuleyeT 3a COOOH rHOeb KNeTKH. UacTb KJIeTOK nornOaeT B TeyeHHd 
MHTO3a H3-3a TpPyObIX CTPyKTYPHbIX HapylWeHHH XPOMOCOM, 3aTPyAHAIOWMy 
uutoromuio. Llanupo u KoxnctaHTHHOBOH OblWwIO NOKa3aHO, YTO KJIeTKH orn} 
Te POFOBHUbI, MOTePABLIMe YaCTb XPOMOCOMHOTO MaTepHada, morHOalo f 
p 1—3 noxonenuax. BeposTHo, pe3kOe yMeHbINeHHe KOJIMYECTBa KJI€ETOK ¢ 
XPOMOCOMHLIMH aGeppalluamu, OOHapyxeHHOe B OMbITaX C OOMYNeHHEM HM M0; 
BTOpHOH renataKTomuel (V cepa), TAKKe CBASAHO C THONbIO TaKUX KJIETOK FH 
mpolecce pereHepallun, MeyeHu. 

Korma onmucaHHble BbIMe 9KCN€PHMeHTb! ObWIM 3aKOHYCHbI, Mbl MO3HAKO 
MHJINCb co craTbeli Aub6epT (4), MOCBALLeHHOH H3yYeHHIO PaMOUYBCTBUTeIb 
HOCTH HOPMaJIbHOM HM pereHepHpylouleH nocle BBeJeHHA YeTbIPeXxJOPUCTOrG 
yruiepofia neyveHH; aBTOp MpHXOMHT K BbIBOJaM, YaCTHYHO COBNAaalolluM GC 
HalwuMH. Ognako dakTuueckve JaHHbEle AvbOepT mpeycTaBsaloTcaA Hegoctay 
TOUHO COraCOBaHHBIMH C BBIBOJaMH 3-34 3HaYHTeIbHOH BapnaOnJIbHOCTH 
Pe3yJIbTATOB OMNBbITOB UH OTCYTCTBHA COOTBETCTBYIOMeH UX CTaTHCTHUCCKOH 
oOpadorku. om 

IIpuuowy cBoro 6iarofapHoctb B. IO. YpOaxy u H. H. Port 3a nomous, 
OKa3aHHylO TPH MpopeyeHHu HacTOAMeH padorHl. 


VWueTtutyT mopdosornu 2XHBOTHBIX Tloctynuso: 
uM. A. H. Cesepiuosa 271X 1958 
Akaylemuu Hayk CCCP 
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Woxnane Akagemun nayr CCCP 
E, 1959. Tom 124, N 3 


BHOXHMH A 


r. A. JEBOPHH, M. H. BbICTPOBA u B. MI. HBAHOBA 


| MSMEHEHHE XOJA MPOTEOJIM3A CbIBOPOTOUHOTO AJIbBYMMHA 
TPHIICHHOM TPH OBPA3OBAHHH KOMMJIEKCOB ®EPMEHTA 
WJIM CYBCTPATA C SCTPAXHOJIOM 


(ITpedcmaeneno axademuxom A. H. Onapuxom 30 1X 1958) 


Pauee HaMu ObIIO HCCMEMOBaHO OOpa30BaHHe MaGHJIbHbIX KOMMJICKCOB HeKO- 
TOPbIX OeKOB C 9ProcTeposIOM HM ObLIO MOKa3aHO, 4TO 3TH KOMMsMeKChI Gosee 
YCTOHUMBbI K PAY BOSLeHCTBHH, 4eM uCxO_HbIe GenKku (1°), 

CormacHoO aHHbIM SiiKHecca c corp. (4), K Y4HCTyY BOOHepacTBOpHMBIX 
CTePO0B, OOMaalollH“X CMOCOGHOCTHIO CBA3bIBATbCA C CbIBOPOTOUHbIM aJlbOy- 


Q!O2 aunjem SST 1 PT DET TIER TI 


—_> F 


Puc. 4 Puce. 2 


MHHOM BHe OpraHH3Ma, MpHHaiexKuT TakxKe SCTpaquon, mpHyeM, cormacHo 
AHaJIMTHUeCCKHM JaHHbIM 9THX ABTOPOB, Ha MOJIeKysy OeKa B CpeHeM CBA3bI- 
Baetca oKouo0 0,43 Moma 9cTpaquona. Oto obcToATebCTBO MOOyquNO Hac uC- 
CneloBaTb CBA3bIBaHHe SCTPaquoma C OenKaMH B YCMOBHAX OMMCaHHbIX Hamu 
paHee onbiros c 3procreposom. [lomy4eHue KommueKcoB GerKoB Cc SCTpagqHOuIOM 
MpoBOAUOCh MyTeM TiaTeIbHOrO MepeMelMBaHHA B TepMocraTe mpu 37—40° 
gp Teuenue 20 mun. 0,08—1,0%-x pacTBopos 6enKOB C HeCKOMbKUMH KalliaMu 
acTpaquon-Gen3oata. Ilepeq mepeMemtuBaHueM cCMeCb OeKOBoro pacTBopa 
C 3CTpaMOJIOM BbIepKUBalacb B TepMOcTaTe Mp TOM xe TemMepaType B Teue- 
Hue 20—30 muH. V36bIroK cTepoja oTgzenaca dubTpOBaHueM. 

Oxa3amo0cb, 4TO aHasOrM4HO 9procrepony ascTpaquon Takxe OOpa3yeT B 
yKa3aHHbIX YCJIOBUAX OeMKOBO-CTEPOOBHIe KOMIICKCbI, YCTOMYMBHIE B OMpe- 
jemeHHom uHTepBate pH. Odpa3s0BaHue KOMMeKCOB yCTaHaBJMBa0Cb HaMH 
110 H30TepMaM C>KMMaeMocTH OeKa B MOHOcOe Ha 5% CepHOKUCIOM aMMOHHH. 

Ha puc. | mpaBeyenbl THNMUHBIe KpuBble 3aBMCMMOCTH MpousBeqeHuaA FA 
ot Japnenua F (kpusaa / 41a cblBoporouHoro abOyMuHa M KpuBad 2 Aas 
ero KoMmuleKca ¢ 3cTpagquoom). Pacyer MoweKy1ApHoro Beca OeKa B MOHOCIOe 
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jaet 3Hauenue 75000 qua uucroro Genka u 162 000 AA KOMMNeKCa CbIBOPOH, 
TOUHOFO albOyMuHa Cc acTpaquonom. OTclojla MO2KeT 6bITh CeaH ea utd 
B pesysbTaTe OOpasOBaHHA KOMMVI€KCa BOSHUK JHMCp Geka. Ha puc. mpHy 
BeJleHbI AHAJIOTHUHbIE KPHBbIe AIA 3ABHCHMOCTH NPOMSBeMeHHA FA or nopepx} 
HocTHOrO JlaBaeHua F via TpumcuHa (/) u KOMMIeKCa TPHNCHHa C SCTpaquoy 
om (2). B 9TOM cly4ae TIpH KOMMNIeKCOOOpasOBaHuH TakxKe BOSHUKAaeT OesKO: 
BbIli JMMep c MOJeKyapHbIM BecoM 80000. Ilo7yyeHHble KOMMeKCbI pacnas 
jlalOTCH Ha UCXOHbIC KOMMOHEHTHI MPH CTOAHHH Ha BOSlyxe B TeueHHe OLHHX 
cyTOK H Tipu cyBure 3HayeHusA pH BCTOpOHY OT H309EKTPHYECKOH TOUKH Geka. 


500; 500 
400 400 
300 300 

| 200 200 

Ww 
100 100 


15 JO 45 60 maa. 
Puc. 3 4 Puce. 4 


TlomyueHHble KOMMJeKCbI CbIBOPOTOUHOTO ambOyMHHa M TPHNCHHa C 9CTpa- 
JMOJIOM ObIIM MCMOJb3OBaHbI HaMH JIA CpaBHHTeJIbHbIX KHHETHYeCCKHX ompe-} 
yeeHui xOjla mpoTeomu3a B yCIOBHAX OOpa3OBaHHA. KOMMJIEKCOB (epMeHTa 
usu cyOcTpata c  2CTpalHoJOM. 

Ha pue. 3 qaHbl KHHETHYeCKHE KPHBbIe XOJa NPOTeOM3a TPHMCHHOM YUCTOrO | 
CbIBOpoTOUHOrO aibOymuHa (/) H KOMMJIeKCa CbIBOPOTOUHOTO aJsIbOyMHHa C 
acTpayzuosom (2). Kpuspaa 3 flaeT KHHeETHKY MpoTeOH3a KOMMIeKCa cyOcTpata 
C SCTpavOIOM, CHATYIO Noce BbIepxXHBAHHA KOMMIeKCa B TeYeHHe OJHHX | 
CyTOK IIpH KOMHaTHOM Temnepatype. V3 puc. 3 cmemyeT, 4TO B pesyubTaTe | 
KOMIMI€KCHPOBaHuAd OeKOBOrFO cyOcTpata C 9CcTpaqHOJIOM HaOsOqaeTcA 3aMerT- | 
Hoe 3aMefvieHue mpoTeomMTHYecKOrO Mmpowecca WH CHHKeHHeE OOLIeH TyOuHE 
rugpounsa. Ilocme crosHuA KOMMUIeKCa B TeueHHe 24 uac. IPH KOMHATHOH TeM- 
nepaType KpHBad KHHETHKH BO3BpalllaeTCH K HCXOMHBIM 3HayeHuaM. Han6oub- 
mee pa3simuve B xOfe MpoTeomu3a TPpHNCHHOM OeKa H erO KOMMIeKCa C 93CT- 
Ppaguouom HaOlofaeTca no ucTeueHHH 90 MHH. CO BpeMeHH Havasia npoTeosmusa. 
V3 sTuX JaHHbIX MOET ObITb CeaH BbIBOA O TOM, UTO aHasOrMyHO 9procte- 
pony (°), scrpaqvon craOunusupyer Se0K MO OTHOWEHHIO K paclilenssoUleMy 
WehCTBHIO TpuncnHa. 

B apyrol cep OmbiroB HaMH HCCIeOBaIOCb H3M€HEHHE KHHETHKH TIpo- 
TeOH3a CbIBOPOTOUHOTO aJIbOYMHHA TPHICHHOM B pe3yJIbTaTe OOpa3s0BaHHuA 
KOMIIekca (pepMeHTa C 9CTpayHOJIOM, Tp He€H3MeHEHHOM cy6crTpate. 

Ha puc. 4 npuBeyenbi KpuBble KMHETHKH MPOTeEONU3a CLIBOPOTOUHOTO ab6y- 
MUHa TpumcHHOM (/) H KOMIVIeKCOM TpHMcuHa ¢ 3cTpaquosiom (2). B stom cmy- 
uae, aHaJIOrM4HO OnbiraM c 9procteposom (°), HaOmOMaeTCA NOBBIWeHHe AKTHB- 
HOCTH (pepMeHTa H yBeIMYeHHe TIYOMHbI AByxyacoBoro npoTeomH3a. Han6omb- 
WMH adiekr HaGsoqaetca Hamu B nepBble 30—60 mun. mpoteonusa. Kax 
NOKa3aJIM HallM ONbITb, HanOosbUlee BOSPacTaHve AKTHBHOCTH (pepMeHTa HabviI0- 
AacTcA, €CJIM PacTBOp KOMMIeKCa TpHNCHHa C 9SCTPaqHOJIOM NOABeprHyTb 
AONOTHUTeIbHOK HHKYOallMu B TepMocTaTe mpu 40° B Teuenve 20 mun. nocae 
oOpas0BaHua KOMMIeKca. STOT addekT OcOOeHHO OLLyYTHM B nepBble 30 muH. 
MpoTeKaHuA mpotTeomusa. Tlostromy onpefenenne npoteommtuyeckolt aKkTuB- 


HOCTH cbepmenta H €ro KOMIMVJIe€KCa C 3CTPaJHOJIOM MPOBOHJIOCb HaMH BO BCeX 
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-yaAX MOCIe NONONHHTEIbHOH WHKYyOallun B TepMoctate npu 40°. Jas BbIac- 
1eHus BOSMOXHbIX NPHYHH STOTO ABJIEHHA ONpeZeMANCCh u3MeHeHHe MpoTeo- 
THTHUECKOIi AKTHBHOCTH (bepMeHTa B pesysbTaTe erO HHKyOallun B TepMocTaTe 
pH 40° B teuenve 60 mun. Bpema npoteonnsa cocrapasno 80 mun. Oxa3anocp, 
470 B pe3yJIbTaTe FONONHUTeENbHOH HHKYOalluM B TepMocTaTe aKTHBHOCTB cbep- 
MeHTa MTlajlaeT, MpHYeM STO MaeHHe BbIPaKeHO cuUIbHee JA depmeuta, He 
aaxopsmterocs B COCTOAHHH KOMMIeKCa. OTcioqa HanpalluBaeTcA BBIEOL, uTO 
B pesyJIbTaTe HHKYyOalluH MMeeT MECTO YacTHUHAA esaKTuRaliA cpepMenta, 
koTopaal B Cilyuae KOMMeKca BbIpamwkeHa B MeHIWel cTeneHH. STuM, NO-BYAU- 
MOMY, H MOET ObITb OTYACTH OGBACHEHA NOBILeHHAA AKTUBHOCTbh KOMMUIeKCa 
MO CPpaBHeEHHIO C HCXOJHbIM (PepMeHTOM. 

~ BuBogs. Uccnenopanuch Te u3MeHeHUA, KOTOpble BHOCHT B mMporecc 
MpoTeoiu3a CbIBOPOTOUHOrTO asIbOyMHHa TPHNCHHOM OOpa3z0BaHHe KOMrIe- 
KCOB (pepMeHTa HIN cyOcTpata c scTpaquonom. YcraHoseHo, uTO aHanoruuHo 
2proctepouly, scTpaqMol Take oOpa3syeT MaOUJIbHbIe KOMIVJIEKCHI C 6eKaMmu, 
yuacTHHKaMu NpoTeomuTMYecKOrO mMporecca. 

IlokasaHo, uTo B pe3ymbTaTe O6pa30BaHuA KOMMIeKCa GeKOBOrO cy6cTpata 
C SCTPaMOJIOM MpoOTeONMTHYeCKHH Npowecc 3aMeWineTcA, a ratyOuHa paciien- 
JeHuA cyOcTpata epMeHTOM CHHXKaeTcH. STOT pesybTAaT eCTECTBEHHO O6BsIC- 
HHTb TEM, YTO KOMMIeKCOOOpas0BaHHe CTaONH3HpyeT COesOK MO OTHOLEHHIO 
K BO3JeHCTBHAM, HapyllalouluM cTpykTypy OerKa. 

IIpu oOpas0BaHun KOMmMseKca MpoTeomMTuYecKOrO (epMeHTa CO CTepOsIOM 
AKTHBHOCTb (PEPMEHTA B KOMIJIEKCE BBIIe, YEM AKTHBHOCTb UCXOAHOFO (pepMeHTa. 
Stor shiext MOKeT, 10 HallieMy MHEHVIO, OOLACHATECA TEM, UTO B PesyLTATe 
KOMMeKcoo6pasoBanus bepMenT Goyiee ycTOHuNB K Je3aKTHBalluu, BOSHHKal0- 
Ime BclefmcTBue ero JeHaTypalluu u CaMOonepeBapHBaHHaA. 

STH JaHHble NOMTREPKLaloT MpeCcTaBseHuA O TOM, YTO KOMMIeKCHpOBaHne 
OeKOB Cc JIMNOWaMu, MO-BHAHMOMYy, ABJIAeTCA OMHUM 43 chakTOpoB, peryvu- 
Pytollux TeyeHHe SH3MMAaTHUeCKUX MpoOlleccOB B KJIeETKe. 


MucrutyT 6voxumuu um. A. H. Baxa TlocrynHato 
Akajemunu HayK CCCP °16 IX 1958 
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Jloxxagn Akagqemunu Hayk CCCP 
1959. Tom 124, Ne 3 


T. H. EBPEHHOBA u A. ®. KY3HEWOBA 


ONPENEJIEHHE BECA OTAEJIbHbIX KOALLEPBATHBIX KATIEJIb 
C MOMOL[bIO HHTEP®EPEHILMOHHOM MUKPOCKONUH 


(IIpedcmasneno axademuxom A. H. Onapuxom 16 VIII 1958) 


Spaenue KoallepBalluH WIMpOKO pacipocTpaHeHo B Ses a Takk 
MOKeT ObITb BOCIPOH3BeLeHO MH Ha HCKYCCTBeHHEIX MOJeAxX (*,°). B nocmeqHe 
culy4ae MPOMCXOLMT KOHWCHTPHPOBaHHe KOJWIOMAHEIX YaCTHL H3 pasOaBeHHE! 
pacTBOpOB C OTMeWIMBaHHeM HX OT XKHAKOCTH B BHC Kaleb HIM cos. Creqo 
BaTesIbHO, CYULHOCTb KOallePpBallMH COCTOHT B Mepexoyle pacTBopeHHoro, i 
py3HO paccedHHOrO BelllecTBa B Oosee MWIOTHbIe OOpasoBaHUA Cc mpHCyLkHMy 
‘YM HOBbIMH CBOfcTBaMH (°). | 

KouleHTpupoBaHve BellleCTB MpH koallepBallMH JOcTHraeT 3Ha4uTebHBIy, 
-pasmepos. Hanpumep, B OTJe@/IbHBIX KalaAX KOHUeHTpallud HYKJICHHOBBIX: 
KucHOT Oblia B 15 pa3 BbIe, 4eM B TeX PpaCTBOPax, H3 KOTOPBIX ObINH NOY 
“qeHbI 3TH Kamu. HykaeuHosble KHCOTHI HHTCHCHBHO NormoulaloT yrbTpaduo 
jleToBble JIy4H, OaroqapA YeMy H CTAJIO BO3MO2KHBIM ONpeeMUTb HX conep»kaHH4 
B OTAMbHBIX KOAWepBaTHEIX KaMAX B yJIbTpapHoeTOBOM MuKpocKone (%) 

OgHako wMeetca Oonbiloe 4NCIO COeqMHeHHH, He Mornowlaiouux yabTpa- 
cpuomeToBble yun, HO MerKo OOpasyrtoulux KoallepBaTHble Kamin (HallpHMep, 
‘OeNKH, YPeBOMbl, HMHIb). B autepatype He HaliqeHo ykasaHuii o cTeneHr 
KOHMCHTPaMH STHX COCMMHCHHH B HHHBHAYAIHEIX KOalepBaTHBIX KanAAX. 

B qaHHou paSoTe KOHIeHTpallua Oerka Hu yriepowa B KoallepBaTHOH Karle’ 
‘onpelenAach C MOMOUbIO HHTepepeHHOHHOH MUKpOCcKonHH. JI06on MHKPpo- 
ckomMueckui OObeKT, KOXPPHIMeHT MpeNoMMeHUA KOTOPOrO OTAHUAeTCA OT 


| 


‘KospbulveHTa MpenoMeHHA OKPyXaloulel cpeb, BLISKIBAeT CABUT KoeOaHuit 
TIPOXOMAULeH CKBO3b HeFO CBeTOBOH BOMHbI KaK M10 (base, Tak Hu 10 aMIIHT ye 
WH TObKO M0 OMHOMY H3"HUX. OTOT CABHT thas MOxKeT ObITb H3MePeH B Bue 
‘pasHOCTH XOMa BOH B HHTeppepeHMOHHEIX MHKpocKonax. Murepdepupyrioune 
AY4H, H3 KOTOPbIX OHH MPOXOLAT Yepes UCcMeLyeMbIit OObeKT, a Apyrue yepes 
oKpy2Kaloulylo ero cpexy, mpHoOperartor pasHocTb xoxa BOUH: 


8 = (ny — Nw) t, (1) 


Te } — pasHocTb Xola, N>—NMOKasaTeb MpeMOMAeHUA OGbeKTA, N,,— NOKasaTeb 
IPeOMACHHA CpeAbl, ¢—TomMMHa OObeKTa. MuTeppepeHuMonHblli MAKpocKon ja- 
CTBOSMOXKHOCT HEMOCPeACTBEHHO H3MePHTb PaSHOCTb XOa e, BHOCHMYIO OOB- 
ekTOM. B JanbHeiuiem M0 pa3HocTu xofa 5 paccunTpIBaloTes CyXOH BeC H KOHIeH- 
Tpallua BeulecTBa. B HacTosujee 'Bpema JIA ONpeeteHHA MaccbI KJI€TOK, Aep 
4 OTICNIbHBIX KICTOUHIX BKJIOUCHHH MPHMeHAIOTCA PasHUHbIe CHCTeMBI uuTepde- 
PCHIMOHHEIX MAKPOCKOMOB, MO3BOMAIOUNMX Haiitu Jo 5-10-!4 r cyxoro pemecr- 
pa (5,7 8), 

B anno paGote Bnepsble qa OmpeweeHHaA CyxOro Beca KOallepBaTHBIXx 
Kaleb ObWIM MCHOAb3OBaHbI HHTepdpepeHItHOHHEIe MHKPOCKONIbI JBYX CHCTeM: 


1) aByxdoxycupi MHKPOCKON ¢€ OObeKTHBOM 8 x0,20, B KoTOpom pa3BoeHve 
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Puc. 4. Koauepspatuble Kanu B OObIUHOM MHKpocKone. 
225 X 


Puc. 2. a — koallepBaTHble KallJiH B HHTep*PepeHUHOHHOM JBYX(OKYCHOM MHKpocKone; 330%; 
6 — pa3qBoeHHoe H300paxKeHHe OJHHOYHBIX KOallepBaTHbIX KalleJIb B HHTepdepeHUHOHHOM 
MuKpockone Tuna Illupuur; 240x 
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iHTepepupyioulux My4KoB mpou 

CXOMMT BUOb Oc : 
IMKPOCKOM C OObEKTHBOM, B KOTOPOM Neat Conie eae te el i eee 
UeT B MOCKOCTH mpenapata. : ‘ 
ie Ae KamlIM, AdamMeTpom oT 9—177 "1, Opin nomyuenn us 0,67% 
JOAHSIX PaCTBOPOB 2KeMaTHHbI HW TyMMuapaOuka (5: 3), a TakxKe pH WOOaBeHHH 
© STHM PacTBOpaM PHOOHYKJIeHHOBOL KUCOTHI, BbI- 


TeMeHHOH 43 ApoxxKen, M OTAebHO ResoKcupn6o- em 
, vl 5 

py ReHHOBO! KHCJIOTbI, NOJYYeHHOH 3 300HOIi xKe- 80, 
Tesbi. Jia pacTBOpeHUsA HYKJICMHOBBIX KUCMOT J0- 
JaBIANCA alleTaT HaTpua.Bce Tpuw cmecu, Kalan 60 


GS 
ITACNIBHO, NOMKUCIAIMCh WO pH 3,8—4,0 u uarpe- 2 
ie) 
3aIHCb 0 42°. OSpasoBaputueca KoauepBaTHnie 8&7 
alia C OKpy2Katoulel HX paBHOBecHO xKHKO- ~ 


*THIO NOMECLaIHCb Ha CTOJMK MHKPOCKOMA B CTeK- aor 

MAHHOH KioBere TomuMHoOH 0,15—0,17 mm. Pas- J 

dOCTB XOfla, BBOMUMaA KOAalepBaTHOH Kamien, u3- (00 500 1000 1500 2000 om?.® 
Me€pxAJ1aCb IPH OCBeLeHHH MOHOXPOMATHUCCKUM CBe- Ob6bem —~— 


TOM BOJIHEI C MHOM B 546 mu. TouHocTth u3Mepenna 
PasHocTH xofa 6 cocrapiana 1/40 }. Ha puc. 1 uw Pac. 3. Koalleppatupie Kamin 
2a uw O MipegctaBenbi (ororpabun KoatepBarHbix #9 ryMMHapaouKa Hi 2KeaTHHBI 
Kaleb B OObIYHOM H B MHTeptepeHWHOHHBIX MUK- 
pockomax. Pacuer KoHWedTpatlau cyxoro pemjecrBa B KOallepBaTHOM Kare 
MpOusBONMICA MO cleLyIo wel copmyste: : 
0) 

Oren da’ @) 
“me JS — pa3HocTb xoja, H3MepeHHad BLOmb MaMeTpa kKatuiu, d — na- 
MeTp KalluiM B CM, a — cneludpuyeckul KosppullueHT peppaKuwuu, C — KOH- 
WexTpalkua Bruna 100 ma. Jina OomputMHcTBa Oe€NKOB HW HYKJICHHOBbIX KUCJOT 
% MOXKeT ObITb IpHHATa paBHow 0,0018 (*). 

TlockouyIbKy aHamM3HpyeMble KOallepBaTHble Kalu 
uMelH (opMy Wlapa, COfepxKaHHe B HUX CyxOoro Be- 
ULeCTBa BbIUHCIANIOCh 10 opmyue. 

G 4 


Le aargg ts ait | (3) 


219-9 


rae P — Bec cyxoro BeljecTBa BT. 
Bec cyxoro BemjecTBa B Kalle MOxKeT ObITb BbIUHC= 


eH WH 10 dopmMysie 


2S 1 ee ee 
20 100 200 500 400 cm?-19°? ' Zeer SS 
O6beM ——»> P = 3 C 00a, ° (4) 
Puc. 4. Koanepparupie kan- B qaHHoM clyyae dopmysa (3) paBHosHayHa Pop- 


Bay) ou ae mye (4). PesymbraTbl u3MepeHHi mpeycTaBseHbl Ha 
MuapaduKa uw xKenatunet (2) PHC. 3 4, Vig ananv3a KpHBBIX culeqyer: 
u us JLHK, rymmuapa6uka I. Kak mpapuio, c yBemwyeHHem OObeMa Kalin 

Mu %KenaTuHE! (3) yB@IMYMBaeTCA ee CyXOH Bec, a KOHIeHTpallua Cy- 

xoro BelllecTBa, paCCUHTaHHad Ha eMHUIy OObema, 
yMeHbluaetca. B tTa6n1. 1 mpuBeseHbI HeKOTOpble aHHble, HJVJIIOCTpUupyrouHe 
ITO 3aKJIIOUeHHE. 

V3 yannpix Tab. 1 cmemyeT, UTO B KOAaIlePBaTHbIX KalWIAX, COCTOALIUX H3 
ryMMuapaOukKa u 2KemaTHHbl, C yBemMyeHHeM OObeMa KallIN B 208 pa3 mpouc- 
XOMT yBemuyueHHe cyxoro Beca B 62 pasa HM YMeHbINeHHe KOHMWeHTpalun 
B 3,2 pasa. 
6B KoalleppaTHbix Kamliax, Cofepxallux KpoMe ryMMuapaOuKa M 2KeNaTHHbI 
rake u PHK u auerat HaTpua, npn Bospactranun oObema B 141 pas cyxol Bec 
yBemuuuBaeTca B 55 pa3, KOHMeHTpallusa 2%ke B 2,0 pasa yMeHbIlaeTCa. Auasio- 
rMuHaA KapTHHa Ha6mOMaeTCA HM B KOallepBaTHbIX KaIlIAX, B COCTAB KOTOPbIX 


13 3axaz 1223 pee 


pxomat JIHK, auerar HaTpua, ryMMuapaOuk u *KelaTHHa. B 9Tom caryuae yBe 
jmuenue O6bema B 10 pa3 conpoBoxaeTcA BOo3pacTaHHemM Beca B 8 pas XH Nal 
yleHHeM KOHUeHTpatluu B 1,3 pasa. | 
II. Konmentpaiua ryMMuapaOuka H 2KelaTHHbI B OTJebHbIX KOAIlePBaTHbI} 
Kanuiax B 12,47 pa3a BbIllle, YeM KOHIeEHTPpaluaA ITHX Ke BEMLECTB B MCXOJHbI 
pacTBopax, 43 KOTOpbIX OOpasoBaucy 

Ta6Omnunma i Karu. | 

3aBHCHMOCTb M@exKy OObeMoM, CYXHM III. Han6ouee BbIcokad KOHILeHTpa| 
BeCOM H KOHIeHTpallveli cyxoro BemecTBa IMs TyMMMapaOuka, *Ke/laTHHbl, PHK 
BO a eet ee THK u auetata HaTpHa HaGsmofaetcs 

B MevIKux Kanuax. Menkue kann Ooued 


oy r) 

: ie 2 Baverts 
Coctan: KOMCRPATEON Wee —_ IWJIOTHbIe, UYEM KPYIIHBIe. Ans MeJIKHy 
kann an | 3o Gees KalleJib XapaKTepHa JIMHeCHHAaA 3aBHCH) 
. on N 
O& | Of |*8= wocrbh MexKy OObeKTOM Kall, ee Be} 
COM H KOHWeHTpallueH B HeH Cyxord 
I ymmu — xesaTuna Aue Ba Sree BeLLeCTBA. 
; é ; CieyeTOTMeTHTh, UTO TOUHOCTH H3Me} 
PHK — auetat Har- peHuii CyXOFO BeleCTBa MeIKUX KOallep} 
pu — ryMMn— | 24,4) | 4,26) 20,0) = BaTHBIX Karlesb Gosee BEICOKa, ueM 

2KewlaTHHa 3016, 8/235 ,01| 7,79 , 

KPYNHbIX KaleJib. 
Eg, Chena Bat PV B oH TOM 2Ke KO Bate! 
pad — ryMMu — 24,4} 10,16] 47,5 7 3-OAHOM TO koallepBarTe, 
2*KeJaTHHAa 228 ,4| 82,75) 36,23 COCTOALIEM H3 KOallepBaTHbIxX KalleJyq 


H paBHOBeCHOH %KHKOCTH, MMeIoTCS 
CaMble pa3sHooOpa3Hble KallM Kak M0 OObemy, Tak u mo Becy. IIpu stron 
BeC Kall@/lb MOXKeT ObITb TAKHM Ke, KaK BeC HEKOTOPbIX OMHOKJICTOUHbIN 
OpraHu3MoB. 

ABTOPbI NOmb3yIOTCA Cyyaem MOOMarofxapuTb npod. A. H. SaxapbescxKore 
3a MOMOINLb B UCCIeOBaHHAX, a TakxKe aka. A. VW. Onapuya 3a nocTrosHHos 
WM BHHMATeCJIbHOe PYKOBOJCTBO JaHHOH TeMOli. 


MockosckHi fTocyapcTBeHHbIMd YyHHBepCHTeT Tloctynuo 
um. M. B. Jlomonocopa 7 VII 1958 
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1959. Tom 124, Ne 3 


BHOXUMH A 


B. Bb. EBCTHTHEEB, B. A. FABPHJIOBA u HW. TP. CABKHHA 


O POTOBOCCTAHOBJIEHHM BYJIMPYBHHA HM MPOTOMOP®HPHHA 
B CBASH C V3Y4EHHEM ®OTOBOCCTAHOBJIEHHA XJIOPO®HJIVJIA 


(7 pedcmaeaeno, axademuxom A. H. Tepenuneim 17 1X 1958) 


XumMuyeckuhH MexaHH3M peaklMH (POTOBOCCTaHOBseHUA XxsOpPOtpuIa u ero 
\HaJIOrOB, OTKPbITOH WH MSyYeHHOM B NaOopaTopuu coToOuoxumuu Mucrurtyta 
moxumun Akajlemuu HayK CCCP (,*), ocraeTca Jo cux nop HeacHBM. Pesyub- 
‘aTbI CPaBHHTEIbHOrO HCCEAOBAHHA Pa3sJIMUHbIX NOPPUPHHOBBIX NMUTMCHTOB 
3 OTHOINEHHH CNOCOOHOCTH UX K CPOTOBOCCTAHOBJIeHHIO H XapakTep cNeKTpamb- 
ibIX H3MeHeHHH mpn cboToBoccTaHoBeHuN ('~*) CBUeTeEMbCTBYIOT O TOM, YTO 
JOTOXHMMYECKOe BOCHPHATHE SJeEKTPOHA NHIMeCHTOM C OOpa3s0BaHHeM HOH- 
ajuKaia Tula CCeMHXHHOHA (°~°) w JalbHeviwee TeMHOBOe NpHcoesMHeHHE Mpo- 
‘OHA MPOUCXOMAT MO OCHOBHOH 3aMKHYTOH CHCTeMe KOHbIOrMPpOBaHHbIX CBsA3eli 
12). Hanmuve usm OTCyTCTBHe B WeEHTpe MOseKYyJbI aTOMa MarHHs, a TakxKe 
‘apakTep 3aMellaloliuX GOKOBbIX rpylN He HMEIOT, NO-BHAMMOMY, NPHHIMMOn- 
WIbHOrO 3HaueHHA JIA CHOCOOHOCTH NMIMeHTa K (MOTOBOCCTAHOBJIECHHIO, HO 
Ka3bIBaIOT BUIMAHWE Ha XOMBCero Mpolecca BOCCTAHOBJCHHA NyTeM H3MeHeHHSs 
SMHETHKM TIPAMbIX HWJIM OOpaTHbIX UWaCTHbIX peakunit Fay 

Heckoubko OTIMUAIONaACA OT BbIMeyNOMAHYTOH TOUKa 3peHHA, NpUBeTeH- 
lad B craTbe Paxoga ("), KOTOPbIli CuNTAaeT, UTO TIaBHYIO POJIb B STO PeakIlHH 
(PpaeT IWMKONeCHTAHOHOBOE KOJIbILO, OCHOBaHAa, NO-BHMMOMy, Ha Helopasyme- 
IMM. Bombwol SKCNeEPHMEHTAIbHbILT MaTepHasl, NOMYYeHHbI B Halen Jadopa- 
OPH, He CorsacyeTcA C JaHHbIMH, IPpHBOAMMbIMM 3THM aBTOpoM. B mpoTHBo- 
(OMOKHOCTh YTBeEPKeHHIO MOCMeLHerO, MTaOWMaHHH MarHuA, He OOsaato- 
Wii WHKMONeHTaHOHOBLIM KOJIbILOM, MpeKpacHO OOpaTumo coToBoccTaHaBulu- 
aeTCA IPH NMOHWKeHHOM TemmepaType, C OOpasoBaHHeM COeMHEHHA, MOrJo- 
aollero B O6nactu 560 my (°,8). Tak xe xopomlo dboToBoccTaHaBsMBaIOTCA 

OOpasOBaHHeM JIaOWJIbHbIX BOCCTAHOBJICHHbIX IPOLYKTOB HW NOPPHpHALI, y 
OTOPHIX IWMKJONCHTAHOHOBOe KOLO OTcyTcTByeT (°,"°). 

C wembio NosyueHua JaJbHeMWMX JaHHbIX NO STOMy BoNpocy MbI HcCcIeLO- 
asi CMOCOOHOCTb K (POTOBOCCTAaHOBJICHHIO OusupyOuHa, OnsIMHOBOrO MMIMeHTa, 
Oulalaroulero Hu Kecseqyrollel CTPyKTY pou (Peas 


geet Soe 
H,C=—==|CH=CH, Hac GH, fe CH; eal 
OH 
Hi N H N H> A N 
H H 


B coctaB ero BXOMAT, CIeEMOBaTeIbHO, Te %Ke YETHIPe NHPPOJbHIX KOJIbIUA, 
BA3aHHbIX MCTHHOBbIMM MOCTHKAMH, TO UM B CyYae NOPPUPHHOB, OMHAKO Lellb 
BA3eli OCTAeTCA pasOMKHyTOH. B coorBeTcTBuM C STHM OnMpyOuH, PacTBOpeH- 
biii B OpraHMyecKUx PacTBOPHTeAX, OONaqaeT MAKCHMYMOM TIOTVIOMLeHHA, 
@KalllMM B Ooslee KOPOTKOBONHOBO! OOmacTH cleKTpa, OKOJO 450 Mu. 

Viccneqopannio nogBeprasiuch NMpWAMHOBbIe H CMMPTOBbIe PacTBOpEI OnJIH- 
yOuHa (peakTHBHOrO), CofepxallHe acKOpOMHOByl0 KHCOTY WIM PUHAITHy- 
a3uH. OBakyMpOBaHHble PacTBOpbl B BaKYYMHbIX tpyOKax OCBEaIHCb yepes 
seTopusbTp BC-8, orceKalollun yAbTpapvomeToBbl yuacTOK CieKTpa HuxKe 


7/0 Mu, wu moppeprasucb CHeKTPOPOTOMeTPHPOBaHHo. 
13” 694 


B pe3ybTaTe OMbITOB BbIACHHJIOCb, YTO MPM OCBeLeHHH B TEX YC/OBHUAXY 
Kora MaKCHMYyMbl MOPOUeHHA XWOpodpusa HM pAa APyrux mopUpHHOBbI} 
HMTMeHTOB, COfep2KallluxX WIM He COfep*alllux MarHHH B WeHTP€ MOJICKYJIbII 
CHsIbHO HM OOpaTHMO u3MeHsINCh (*,”), MakCHMyM 6uupyOuHa TOJIbKO OU¥eH 
MeJWIeHHO H HeOOpaTuMo noHMKascH. IIpu BiycKe BO3sqyxa oOpaTHan peak 
ua He Ua. ! 

Sto NMOXTBepAMIOCh HM MPH UCMOb3OBAHNH SJIEKTPOMETPHYCCKOrO MeTOLY 
W3MePeHHA OKMCIHTCIbHO-BOCCTAHOBHTEJIbHBIX IOTCHIMAJIOB cboToBoccTaHaBh 
JIMBaIOULUXcA pacTBopoB. B MpOTHBONOMOXKHOCTh XMOpOpuJy H ero anasiorat| 
(2,3,1%), OcBeuleHHe MMpHAMHOBOrO MIM CHupToBorO pacTBopa OuslupyOuHal 
cojlep»Kallero BOCCTaHOBHTe/Ib, He MpHBOAUMO K ObICTPOMy MepeABUXKeHHIO EF 
NOTeHiMaia B OTpHuaTembHy!o cropouy. JlaxKe nmpu AIMTeIbHOM ocBeLeHHM 
MOTeHI[MaJI MvlaTHHOBOrO SJIeKTpOa, OMyU\eHHOrO B TaKOH pacTBOP, OCTAaBaJIc! 
MouTH Ha TOM Ke ypOBHe, UTO M B Havase oOnbira B TemuHoTe. IloHnxKeHH 
TemlepaTypbl ombira qo —-40° TakxKe He M3MeHHJIO KapTHHbI HH NPH CreKTpaiby 
HbIX, HH IPH 9JIeKTPOMeTPH4eCKUX OFIbITAX. 

Takum o6pa30M, BoO3elicTBHe CBeTa Ha 9BaKYHPOBaHHbIli pacTBop On Jupy| 
6nHa, COlep»KallHii BOCCTAHOBUTeJIb, He MO3BOJINJIO OOHAPY2KHTb HH OOpasoBal 
HHA JIAOMJIbHOM JICEKTPOMHO-aKTHBHOM NepBMyHO BOCCTaHOBJIeHHO! (popMbI Ont 
ympyOuHa, HM Oonee ycTOHUMBO BTOpH4HOH BOCCTaHOBeHHOH (opMbI, xapaki 
TepHBIX JI MMrMeHToB noptupuwosoro Tuma. Ecam dorosoccTaHoBuienue } 
FPOHCXOAMT, TO OHO, MO-BUAMMOMy, HMAeT MO CXeMe, KHHeTHUeCKH oTsHualo 
welica OT MpHHATOH Hamu (?, *), Quid OOpaTuMoro (OTOBOCCTAaHOBJIeHHA XJIOPO 
(pula MW ero aHaJOroB. 

Tlo-BuyuMoMy, C STHM CBA3AH TOT (bakT, TO (oToceHcuOuu3upyrolla! 
emOcoOHOCTh OuMpyOuHa ABJIAeTCA SHaYHTeIbHO Ooulee HHM3KOl m0 cpak 
HeHWIO C COOTBeETCTBYIOWeH CMOCOOHOCTBIO NOpdupHHOBbIX MMrMeHTOB. OT 
Oblio ye OTMeyeHO MpexKHHMM MCC/eMOBaTeAMH (*) wu nmo_TBepausoc 
B] Hallux oOmbitax MO CeHCHOuJIusaluu OnmHpyOuHOM (boToBoccTaHoBAe 
HUA pasJIMYHbIX KpacuTeeli ACKOPOMHOBOM KUCJIOTOH B MMPHAMHOBOM pacTBOp: 
pH KOMHaTHOH wu Hu3KOH TeMmepaTypax. Powb nepBuyHO (boToBoccTaHoBeH 
HOM opMbl ceHcHOusu3saTOpa Mpu oTocencuOutMsalun XOpOuIOM u er 
aHasloraMH Oblla NWoKa3aHa Hamu panee (?,°,14), Jlannpie, KoTOpble MOXHO pac 
CMaTPHBaTb KaK MOATBEPAalollue Ha APyrux OObeKTaX MPaBHJIbHOCTb TOUKi 
3peHHA Ha MepBH4Hy!O BOCCTAaHOBJCHHY10 (pOpMy, KaK Ha HEOOXOAUMBIii TIpoMe 
2KYTOUHBI MpOykT H3MeHeHHS MMrMeHTa mpu corocencuOumn3anun, Obi 
mpuBeyeHbt B padore Bpugxa u Iloprepa (*°), Hameqmux Qa pala XHHOHO: 
ABHYI0 KOPPeAMMIO, Mey UX CMOCOOHOCTHIO K O6pas0BaHHIO MOLOGHBIX MPO 
ME@XKYTOUHBIX MpPOLYKTOB HM UX CMOCOOHOCTHIO K oroceHcuOuH3aNH OKUCAN 
TCJIbHO-BOCCTAHOBHTCJIbHBIX peak. 

PesyIbTaTbl OMbITOB C OMJIMpyOHHOM, CyleqoBaTenbHO, mpaAMO cBuyeTeNE 
CTBYIOT B MOMb3y MpeAMONOKeHH A 00 OCHOBHOH ponn 3AMKHYTOH CHCTEMbI KOHE 
1OFMPOBaHHbIX JBOMHDIX CBA8eH MPH (OTOBOCCTAaHOBJeHHH MUTMeHTOB. 
ted Cajon pavaeran GAIN atnok Ee 

, 3 
(pupnua, Sane (popmy.1a LoTOpoS ATR ne 

» pakena Huxe (1): 


cH, 


k 


Hooc—CH, eee 
OT remaronopdupuna, 
MOKa3saHa panee (9,10) 
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Ps: KOTOPOrO K (hOTOBOCCTaHOBJEHHIO ObI 
} OMINYACTCA XapaKkTePOM Samelllaloulux rpynn Bo 2- 


3-M NMPpObHbIX apax. Bmecto BTOPHUHBIX CIMPTOBBIX OCTaTKOB remaTonop- 
(pupuua, nporonopdupny CORepKUT [Be BHHHJIbHbIC rpynnyl. 

| Ha puc. | nokasanpt u3mMeHenna CN€KTpa MOMVIOWeHHA IBAakKYHPOBaHHOre 
/UMPHAMHOBOTO pacTBOpa MpoTonopdupuna, cosepxatero aCKOPOHHOBYIO KuC- 
AOTY, MPOHCXOAAlMe MPH OCBellleHHH H OOPaTHOH peakuuN BOCCTAHOBeHHOrE 
HPOAyKTa MPH KOMHATHOK Temmepatype. Iloq06Ho Tomy, Kak STO uMeeT MecTO 
B cilyuae remaTonopdupnna, nayenne wexosHpix MaKCHMYMOB TIpH OCBeWLeHHH 
COMPOBOxKTaeTcA OOpa3s0BaHnuemM HOBOrO MaKCHMYMa B OOslacTu 655 Mu, H pacTBop 
M3 KpaCHO-OpaHxKeBOro CTaHOBHTCH 3eneHbiIM. B TemHoTe, H B OCOGeHHOCTH 
Tipu Bmycke Bosfyxa, -| peaxuna 

Her OOpaTHo, HB 3HayUTeBHOLI w 
)cTeneHH pereHepupyeT HCXOJHDI 
MHrMeuT. Hapsayy c asTHM HaGuio- Os 
*Maetca wu HeoOpaTHMBlit npo- 

Ilecc, NpuBosauui kK OOpasoBa- 

HutO Oovlee yCTOMUHBEIX mMmpopyk- 4 
'TOB BOCCTAHOBJICHHA. 

/ @oropoccTaHoBeHue pH TeM- 

i mepatrype —40° B Takom Ke pac- vo 
TBOpe NPHBOAHT K OOpa30BaHHIO  & 
“BeCbMa JlaOWJIbHOrTO BOCCTAaHOB- Qe 
| J€HHOFO NposyKTa, MOrortaroue- 

‘TO B OOmactu 470—475 mu. Bnyck 
BO3yXa B BOCCTAHOBJICHHbIN mpu gf 
-HH3KOH TemMepaType pacTBop 

- BBI3bIBAeT MOUTH =MPHOBEHHOe 
wcuesHoBeHve o6pa30BaBlleroca 700 600 S00.mps 
‘MpofykTa wu pereHepaliMio§ cieKT- een 

pa ucxoqHoro mpoTonopdupuka. py 1, Vismenenua cnektpa mornomenua mH- 
Ilo aHasloruu c OOHAapyxXeHHbIMH — puguHosoro pacTBopa mpororopdupnna, coxep- 
MW HCCJIEQOBaHHbIMM HaMH MepBHY- *Kalero ackopOuHOBy!O KHCcoTy (10°? Moa/n). 
HBIMH polweccamu, mponcxogs- J] — ucxoqubIH cneKTp; 2—nocne ocBelleHHn 


(500 pt, 9 mun.); 3 — uepe3 3 uaca Moce BHycKa 
eg IPH (poroBoccTaHoBseHun Bo3yxa, B TeMHOoTe; 4 — juddepenuHabHbli 


deopuTHHow a Hu b, mporodeo- cnextp 2—/ B yABoeHHOM macuiTa6e, 
cbuTHHAa uw remaTonopdupuna (?,%), 

MbI MOXKEM CUNTATb, YTOSTOT Mpo- 

WYKT ABJIAeTCA MepBMYHOM boTOBOCCTaHOBJeHHOM opMol mporonopdupuna, 
CBOOOJHBIM pafuKayIOM THMa HOHH3HPOBaHHOrO CeMuXHHOHNA (*). 

IIpu noforpeBanun AO KOMHaTHOM TemMmepaTypbl B aHadpOOHbIX yCJIOBHAX 
STOT MIPOAYKT YaCTbIO Mepexo_uT BO BTOPHYHHI 3eeHbIH MPOAYKT WH YaCTbIO 
B MCXOHbIli MHTMeHT. CyleyeT OTMETHTb, YTO B Clyyae MpoTOnopPpupuHna np 
TaKOM NOOrpeBaHHu OOpasyeTCA MpeHMYLLeCTBeHHO HCXOMHBIM NHIMeHT, TOra 
Kak B CJlyuae FeMaTONop@upnna PpaBHOBecHe MexUT Ha CTOPOHE OovIbUIero 0O- 
pa30BaHHA BTOPHUYHON 3eeHOH (pOpMbI. OTOT PakT elle pas NoATBepxKaeT mpey- 
mooxkenne (?,°), YrO XOTA GOKOBbIC 3aMellalollMe TpPyNMbl HE ABJIAIOTCH MPHH- 
UMMMaIbHO BaxKHbIMH JIA CMOCOOHOCTH MNHIMeHTa K (pOoTOBOCCTaHOBICHHW, 
OHM BCe Ke MOryT BJIMATb Ha KMHETHKY YACTHUHBIX PeaKIHH HU, C/eMOBAaTCIbHO, 
Ha pe3ybTaT oOuleH peakIlMH. ; 

Cnoco6uoctb mpoTronop@upHvHa K OOpa3s0BaHHIO NepBHYHOH 9JIeEKTPOAHO- 
AKTUBHOH (OpMbl MOATBEPxKTaeTCA 2eKTPOMETPHYCCKHMU H3MePeCHHAMH OKHC- 
JIMTeJIbHO-BOCCTAHOBHTCbHBIX MOTeHI{HaOB. Ha puc. 2 NoKasaHbl HSMCHeEHHA 
MOTeHIIMala MHpuyMHOBOorO pacTBOpa MpoTonopdupuHa, CofepxKalllero BoccTa- 
HOBHUTEJIb, IPH KOMHATHOM MW MOHW2KeHHOM TemMepaTypax. IIpu ocBeeHun m0- 
TCHIMA PC3KO CABUTaeTCA B OTPHILaTeJbHy!0 CTOPOHY, YTO yKasbiBaeT Ha MOAB- 
JeHHe B PaCTBOPe IICKTPOMHO-aKTHBHBIX BOCCTAHOBJICHHDIX MPOAYKTOB. IIpu 
BbIKJIOUCHHM CBeTa, B CJIy4ae OMBITOB MPH KOMHATHOH TemiepaType, MOTeHIMad 
ObICTpO useT B OOpaTHy!0 CTOPOHY, TO CBUAETEIbCTBYCT O MaJION eS ie 


>s1EKTPOMHO-AKTHBHEIX MpoxyKTos. IIpu HusKoH TemmepaType oOpaTHoe NOBBI 
UICHHe MOTEHUMaAa MPOMCXOAMT TOJIbKO OYCHb MeWICHHO, H3 Yero Ceqyer, UT 
oOpa30BaHue HeIICKTPOMHO-aKTHBHbIX BTOPHYHDIX BOCCTAHOBJCHHBIX MPOMYK- 
TOB W3 Me€PpBHUHbIX MH OOPaTHaA peakUMA MOCeAHHX CHJIbHO 3aTOPMO2KECHBI,} 
7. @, HaOmlOLaiores Te %Ke ABeHUA, YTO HB Cyyae PeopuTHHos (?,”). | 

OHOBpeMeHHO C H3MeCHCHHEM OKHCJIMTC/IbHO-BOCCTAHOBMTCIbHOrO TOTCH- 
Wala Ha6smomaeTcd U3MeHeHHe QJICKTPOMPOBOAHOCTH BOCCTAHAaBJIMBatoulerocs 
pacrBopa. Oquako, B OTuM4Me OT PeouTHHAa u XJOpOpudia, 3hecb yBeIMYeHHe 
9yIEKTPOMPOBOAHOCTH Mp OcBeleHHM HaGOgaeTcH He cpasy. B nepBbIe MrHo- 
BeCHUA OCBeULeCHHA DICKTPOMpOBOAHOCTh, HaoOopoT, CerKa MOHM2KaeTCH, U 
TOMbKO 3ATEM HayMHaeTcA ee OTHOCHTeIbHO MefeHHOe MOBbIuMeHHe. Ilo-Buyu-| 

MOMY, 3TO CBA3aHO C pasHuleh B 
bbem Temnoma cBoficrBax murmentos. I[Iporonop- 
(bupuH, B OTIMYHe OT XMOpOpusa, 
oOaqaouluh cBOOOLHBIMH Kap6o- 
KCHJIbHbIMM PpymmaMu, MO*KeT oOpa- 
30BaTb C MMPHAMHOM coleobpasHoe 
coequHeHHe, KOTOpoe yxKe B TeM- 
HOTe, IO0-BUJHMOMYy, 3aMeTHO HOHH- 
3UpOBaHo. 

Takum o6pa30M, omMcaHHble pe- 
3YJIbTaTbl CBUJETEIbCTBYIOT O TOM, | 
YTO (POTOBOCCTaHOBJeHHe MpoTomop- 
g 2 id 6 G mun (bupuna, XOTA HM He OOMaatoulero 
Puc. 2. M3menenua OKHCAHTebHO-BOCCTaHO- ILMKJIOMCHTAHOHOBDbIM KOJIbILOM, IIpO- 
BHTebHOrO MoTeHiMama (O11) pacrBsopa mpoto- XOQMT, TeM He MeHee, MO TOM «xe 


NOppupHua B MMpPHAMHe, comepmaero acKop- 
Sunosyio Kucnoty (10? mon/n). 1—rTemne- CXMe, 4TO uM COTOBOCCTaHOBIeHHe 


patypa +20°, 2 — Temmepatypa SS Age xmopopuviia, MW elle pa3 MNOATBEPK- 
ylaioT, UTO HMCHHO KOVJIbIeBaA CH- 

cTeMa KOHDIOrMPOBaHHbIX JBOMHbIXCBA3e€H  ABJIACTCH MeCCTOM JIOKAaIM3a- 
WWMM mpolecca (pOTOXuMMYeCKOrO BOCcTaHOBeHHA MurMeHTa. [lormoulenuple cBe- 
TOBbI€ KBaHTHI, BO3ACHCTBYA Ha n-3JIEKTPOHbI CHCTCMbI KOHBIOTHPOBAaHHbIX CBA- 
3eH, MPMBOAAT ee B TakOe COcTOAHMe (MO-BUMMOMY, B pesysIbTaTe mepexoja 
B Oupagukan ('%)), pH KOTOpOM OHa OKa3bIBaeTCA CIOCOOHOM K _  BOCIIPH- 
ATMO JIMUIHerO seKTpoHa. JloKanu3alua mocmeqHero, eciH OHA BOOOME 
WMeeT MECTO, OCTaeTcd NOKa Hen3BecTHOH. IIpaAmbIM IlyTeM JIA paspeuleHuA 
3TOrO BOMpoca ABUOCb Obl, MO-BHAHMOMy, yCTaHOBAeHHe XHMMYeCKOrO CTpoe- 
HUA 3aMeTHO Oolee yCTOHUYMBOM BTOPHUHO BOCCTAHOBJICHHOM CbOpMbI MMrMeHTa, 
oOpasytollelica MyTeM TeMHOBOrO npucoeyuHeHua mpoToua (',”). O«HaKo Bevel 
CTBHe TOrO, 4YTO BTOPHYHAA (OpMa B OObIUHBIX YCJIOBHAX BCe »2Xe ameKO He 
yCTOH4HBa, HCCMeOBaHHe ee MpescTaBAeTCA TaKxKe BECbMa 3aTPYTHUTebHBIM. 


UnctutyT 6voxumun um. A. H. Baxa Tlocrynuso 
Akaremun HayK CCCP 15 1X 1958 
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Joraagn Akagemuu nayrx CCCP 
1959. Tom 124, M3 


BHOXHMHA 


B. B. NOJIEBOH 


QMHAMHKA 6-HHOJIMJIYKCYCHOM KUCJIOTbI B CO3PEBAIOLWUUX HU 
TIPOPACTAFOWMX CEMEHAX KYKYPY3bI 


(ITpedcmaeneno axademuxom A. JI. Kypcanoeeim 24 1X 1958) 


| 


| H.T. Xonoguprii 8 pa6orax 1935—1936 rr. yOequTenbHO JoKa3a HannuHe 
\AyKCHHa B SHOCMepMe 3peNbIX MH MpoOpacraloulMxX CEMAH HEKOTOPEIX 31aKoB (!). 
1M OblIO MOKa3aHO, 4YTO aYKCHH HaXOQUTCA B 9HAOCMepMe PlaBHbIM O6pa3om 
43 CBa3aHHOu cbopme. [Ipu HaOyxaHuu 3epHa aYKCHH OBICTPO MepeXOMUT B CBO- 
\OMHOe COCTOAHHE HM MOFIOULaeTCA 3apOMbIIeM, XOTA B 3apoOfblille Ha mepBoM 
ssTame mpopacraHuaA CBOOOJHbIM ayKCHH OGHapyKuTb He yaeTca. Buonoruye- 
[cKHH MeTOA HCCIeMOBaHuA AayKCHHOB, C KOTOPHIM paOoTal XOMOMHbI, He WaBaw 
1303MO2KHOCTH HJCHTHPHUMPOBaTb AKTHBHbIe BeIeCTBA; MOITOMY aBTOP NHCal 
I) HeEOOXOAMMOCTH UMCTO XHMHU4eCCKUX HCCMeMOBAaHHH. 

_ B wHacrTosaulee BpeMA pa3JIM4HbIMA MeTOZaMH OeccnOpHO WOKa3aHO, UTO B 
iPeMeHaxX HCCJICMOBaHHbIX 3/1IaAKOB — CO3peBalOUlUX, 3PeJIbIX H MpopacTawuux — 
daxolutca $-HHLomMmyKcycHad Kucmora ((AYK) (?~*). CBxa3aHHbIM ayKCHHOM 
TakKe OKa3anacb UYK, Koropy!o MOxXHO OCBOOOAUTb ilyTeM WeO4UHOrO HI 
‘pepMentatTuBHoro ruypom3a (°, °). Pewtatonlyio pouib B BbIACHeHHH MpHpoybl 
A@YKCHHOB Ce€MHH 3/1aKOB CbhIPpaJI HOBbIe XUMMUYeECKHe METOAbI HCCIe{OBaHUA AaYKCHHOB 
rpynopt MYK — xonopumerpuyeckuli Mero uv xXpomaTorpapua Ha Oymare 
(e,?-°), 

| Mbt ycoBepiileHCTBOBaJIM MeTO KOJMUeCTBeEHHOrO XMMMYECKOTO OnpeseeHHA 
CBOOOJHbIX HM CBASAHHbIX HHJOMMJI-TpymMupOBOK HM MPHMeHHWJIM ero [VIA BbIAC- 
HeHUA JMHaMuKu ayKcuHoB rpynnp! MYK B co3speBaloulMx M MpOpacTatoulAx 
cemeHax KyKypy3bl. [Ipunium mMeToga onpeqeieHHA ayKCHHOB 3akJlo¥aeTCa 
B CI@MyIOULeM: HaBecKa pacTHTebHOrO MaTepHasia yOuBaeTCA MapoM, pacTupaer- 
CA U SKCTParMpyeTcA MOAKHCeCHHDIM 9:PupOM C 5-KpaTHOH ero CMeHOH; sup 
M3 9KCTPaTa OTTOHAeTCA, OCTATOK PacTBOPAeTCA B BOWE; BOAHbI PaCTBOP 93KC- 
TParHpOBaHHbIX BeLLeCTB (puIbTpyeTcs, MOsMeTayMBaeTcH OuKapOOHaTOM HarT- 
pua qo pH 10 uw BerpaxuBaerca c 9tpupoM (pu STOM B 9t*pup MepeXOMAT BeulecTBa 
HeliTpasIbHOrO HM WeOUHOrO xXapakTepa); OCTaBLIMHCA BOJHbIM pacTBOp NOL- 
KucaaeTca 20 pH 3,0 u cHoBa BCTpaAXMBaeTCA CO CBEAKUMM MOpLuAMu spupa 
(B atbup mepeXOMAT KMCMOTHBIe coequHeHUsA) *; Be MOJyyeHHble spupHble (pak- 
uu, U3 KOTOPHIX yaltaeTcaA 9:Ppup, MOBOAATCA PacTBOPOM YKCYCHOKHCJIOFO 
-BUHILa H CMMPTOM Jo 3 MJ; NOCe BCTPAXHBaHHA STOO BOAHO-CIIMpTOBOrO pac- 
rBOpa C YCTHIPEXXJOPHCTHIM yrIepOROM (AIA OYMCTKM OT %KUPOB U TIMTMeHTOB) 
< 1 Mia pacTBopa AoOaBseTca 2 Mi peakTuBa CaslbKOBCKOrO B MOLuukKallun 
Popyoua u Bedepa (200 ma 37% HClO, +4 ma0,5 M FeCl;-6H20) (’); mpu 
jamuuuu VIYK pa3BuBaeTcd KpaCHO-MaJIMHOBaxA OKPaCcKa, PacTBOPp Yepes 
95 MHH. OTPUAbTPOBbIBaeTCA H KOJOPHMeTpHpyeTcA Ha 3JIEKTPOPOTOKOJIOpH- 


* Cyxme cemeHa HM 3apofbiiln Mocme 2 yac. HaMayHBaHHA B BOME COMepARaT 6oubloe KO- 
IMuecTBo Mace. B aTHx AByXx CAy4aHx ayKCHHbI KMCMOTHOrO XapakTepa OTACMAIUCh MO MeTORy 
Soficen — Vencena (cm.(4)), T. @. 43 cblporo atpupHoro JKCTPaKTAa H3BJICKANMCb PaCTBOPOM 6u- 
‘apOoHaTa HaTpUA, a M3 MocMeLHErO, Mocse ero MOAKHCACHUA, CHOBA SKCTParHPOBAaTHCh 3dupom. 
feiirpambHble U UleTOUHbIe COeMHEHHA, OCTABIUMeCA B CbIDOM 3(PHPHOM SKCTPaKTe, H3BAeKaHCb 
MupTOM 43 MaCAAHOrO OcTaTKAa, MOMyYeHHOrO Mocme MoHOrO yRaeHHA acupa. 
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MeTpe C 3e/leHbIM cBeTodubTpom. Jia OcBOOOK CHUA, CBASAHHBIX WHOM 
TpyMMUpOBOK MPOBOLHTCA WeNOUHbIi THpomMs Me3rH, OCTABIICHCA TOCi¢ 
U3BICUCHHA CBOOOLHBIX MPOMSBOAHEIX HHAOa. TOUHOCTh KOJIOPHMeTPUYeCKOrC 
merowla 3—5%, mpelen uyBcTBuTerbHocTH 5 y WYK B 1 ma pacrBopa. Jas 
XpoMaTOrpauyecKoroO paseNeHHA MPOMSBOMHEIX MHLONa BOCXOMAIMMM CHO 
COOOM HCHOMb3OBalacb xpomatorpacwyeckaan Oymara B Ne 2 (6nictpas) Jle 
HHHTpaycKol OyMaxKHOH (aOpukKu, PacTBOPHTeMb COCTAaBa: H3ONPOMNHJIOBBIM 
cnupt (28%),—ammuak — Boga (12:1: 1) w peakTHB CanmpKoscKxoro (200 m 
2,5%HCIO, + 0,5 ma 0,5 M FeCl3-6H,0). 

OGbeKTOM HCCeLOBaHHA CJIyxKUIM CeMeHa KyKYPy3bl OeJIbIX KPCMHMCTEIX 
copros: Uakunckaad *emuyxuHa un Kocrbmepckas. PaOora c cospeBalouluM 
cemMeHaMu mpoBofusach B 1957 r., mpopacrTatollue CeMeHa aHaJIMSHPOBaJNei 
p 1957—1958 rr. Cemena 3aMuBasucb ropsueH BOMOH, 2 yaca HaMaUMBaJNC 
mpu 36°, 3aTem B TeyeHue 3 CyTOK MpopacTanu Ha BAaKHOM PUJIbTPOBasbHOWY 
Oymare H, HaKOHell, BbICAKHBAJIMCb Ha CTCKJIAHHbIC MOCTHKH B KIOBETHI C npo-| 
KHMAYCHHOM BOROMpoBoAHOH Boo. IIpopamuBaHue MpOBOAHOCh B TeMHOTE} 
mpu 23°. | 

B pesymbTaTe MpOBeeHHEIX aHaIH30B ObIIO OOHAPy2KeHO, YTO B CO3PeBalo-} 
IHX CeMeHaX H B Mpopactarollux ceMeHax KYKYPY3bI (B 3apOfbMe u B SHO- 
cnepme) umeetca MYK 3B cBo6oqHO u cBaA3aHHOH dopmax. MYK ugeutuduun-| 
poBaslacb NO MOOKeHHIO UM WBeTy NATHa Ha xpomaTorpamme. Jina UYK xapax- 
TepeH KPaCHO-MaJIMHOBbIi UBeCT MATHA, CCIM [JIA MPOABJIEHHA MCHOIbSyeTCA} 
peakTus CambkoscKoro. Jl1a ufentuapukaunu MYK na xpomatorpamme mpu-} 
MeHaAIacbh u OnomOrMuecKad mpo6a: TeCTOM CJIYKNIH HeOTIEICHHbIe KOpHH| 
2-HEBHbIX MpOpocTKOB KYKYyPy3bl, Mo Xomoguomy (*). HyxHO cKasaTb, 4TO 
R; muateH MYK uz axctpaxtos (0,10—0,16 ana cBo6oquon UYK u 0,05—0,10 
ana WUYK u3 rugpomsatos) B OObINMHCTBe ciryuaeB Obl HHKe R; CHHTEe- 
tuyeckoh HYK —csupgetena (0,29—0,34). Sto o6bacHseTcA OObUINM KOM: 
yeCTBOM IIpHMeceH, OCcOOeHHO XapaKTePHBIX JIA WemOuHOrTO Tuspomusata. 
Ilpu coBpMecrHOM HaHeCeHHH B OHO NATHO pacTBopa cuHTeTHYecKOH MYK w 
akcTpakta Ry cuHTeruueckolt MYK taxxe oKasbipaeTca CMeleHHEIM. Kpome 
VUYK, @pyrux mpovsBoHbIX HHJOa B IKCTPakTax He OOHapyxeHO. B KuHCIEIX 
(bpakWHAX, BbINeeCHHBIX 3 3apoybMueli 3 u 5 THe nNpopacraHusa, NOABIAIOTCA 
Tpa3Ho-opaHxeBble mATHa c R; 0,36—0,43, B HeliTpanbHEIx (cbpakiunax — 
KpacHo-Oypble naTHa c R; 0,36 n 0,55, HO BCe OHH, MO-BHAMMOMY, BbISBaHBI 
NOJM@eHONaMU, KOTOPbIe C peakTHBOM CaJIbKOBCKOFO TakxKe’ JalOT LBeTHBIe 
peakunn. 

Ungpst, orpaxkaioutve Qunamuxy HYK B cospeparomux nu npopacTatoulx 
ceMeHaX KYKYyPyS3bI, MOsyyeHHbie OnarofapA KONOpHMeTpuyecKOMy MeTORy, 


NPUBeJeHb! B TaO1. 1 u 2. Kaxjaa wudpa —cpeguee us AByX-Tpex ompene- 
JeHHi. 


Ta6Omauna 1 


Tunamuxa VYK B cemenax Kykypysbl copta UaxkuycKan XKEMUYKHHA Ha pasHbIxX ()asax 
cnesocTu. Onnte 1957 r. (B y Ha 1000 cemsn) 


iy eral San a ee ee 


19 VIII 26 VIII panussa 6 IX noszHaa 


@opmpr HYK seneHan MOIOUH aA MOJIOUH aA 10 SDeanoa/ to: ae 


nouHaa KOBas (TeCTO) 


a a eS ee 


CBo6ozHaa Mes) 411 1375 
Cpasannan 150 3017 4200 ace ee 


ee Ta. 1 BUAHO, YTO B xOfe pasBUTUA NoOWaTKOB KYKYPy3bI B CeMeHa3 
Boe eee WYK, mpwuem makcuMasbHoe KonuuecTBO CBOOOTHOH H CBA 
i K npuxogutes Ha dbasy cpenHelt monounoit cnejocTu. STH wWudps 


eat CormacyloTca ¢ JaHHbIMH XMHCBapKa uw Ap. (°), KOTOpHIe TaKxKe c 110 


MONIbIO KOJIOPHMETPHYeCKOrO MeTOJa HalllIM, YTO B (base cpegHei mMonouHO® 
CHeNOCTH B C€M€HaX KYKYPY3bl COJep%KUTCA MAKCHMAJIbHOe KONUeCTBO CBO- 
Oognol MYK. Xaruep (°), padorasmuit c pornio, u Spepu u gp. (4), uccse- 
NOBaBIIHe KYKypy3y MpHMeHaAA OvonorMuecKHi MeTOR uCceqOBaHUA ayKCH- 
HOB, TaKXKe NOKasav, YTO B asy MOJIONHOM cnemocTH B CeMeHax HakKamvu- 


Ta6Omuuna 2 


Zimnamuxa WYK B mpopactatomux cemenax KyKypy3bl copta Koctpesckad. Onpitsr 1958 r. 
(B y Ha 1000 mryxk sapogpimet unu sHg~ccnepma) 


IIpopoctku pasHoro epemenu mpopacTanust 
(HaMauHBanua) 
Llenoe cy- 
UactTb 3epHa sn Y K x0e 3epHO * 
2 4aca 1 cyTKH 3 cyTOK 5 cyToK 
Sapoppm (co wutT-| CsBo6onHasn — 16,8 6,4 is: 33,0 
3 KOM) CaasaHHasi — Deore 148 360 325 
‘OuocnepM CsBo6oqHaH 34,7 94,0 65,2 36 , 4 14,1 
CBa3anHaA 4137 2546 2129 1432 1320 


* Tlannbie 0 “esioMy CyxOMy 3epHYy yCJIOBHO, AIA YyoOcTBa, OTHeECeHbI kK SHocuepMy, 
Tak Kak cBoOofHoh VYK B8 3apospie, mo-BHAHMOMy, HeT, a CBA3AHHAA COcCTaBJIAeT He 
Oonee 0,1 or MYK sugocnepma. 


‘BaeCTCA MAKCHM@JIbHOe KOJIMYECTBO AYKCHHOB, NpH¥eM CBA3AaHHOFO aYyKCHHa BO 
MHOrO pa3 Ooubule, YeM CBOOOLHOrO (MO JaHHbIM DBepn —nourTu B 60 pas). 
‘Ha nocuielytoulnx 9Tamax CO3peBaHHA KOsIMYeCTBO CBOOOJHOrO uU CBA3aHHOTO 
|ayKCHHOB [lajlaeT, MpH4eM B 3peJIOM 3epHe CBOGOAHOFO ayKCHHa MOUTH HET, 
CBA3AHHbIN Xe COXpaHAeTCA elle B OUeHb OOJIBINOM KOJIHYECTBe, MOITOMY 
OTHOIMCHHe CBA3AHHOTO aYKCHHa K CBOOOMHOMY pe3KO BO3pacTaer. 
Ws ta6n. 2 cnenyer, ro B CyXOM 3epHe KyKYPy3bl COJepxKUTCA HeCoMbUIOe 
KomMYeCTBO cBObonHOK MYK u B 120 pa3 6onbure cpaa3saHHoH MYK. Ilo yan- 
HbIM XaTuepa (1°), B 3pesIOH 3ePHOBKe KyKypy3bl coyepxKuTca 134 y cBobox- 
Horo ayKcuHa B mepecuete Ha MYK u 7807 y cBa3aHHoro (MdpE NonyueHbi 
|OHOJIOrHYeCCKHM MeTOJOM), T. €. KOMMUeCTBO cBA3aHHOM MYK B 60 pas Gompie 
KONMYecTBa cBOOoqHOH MYK. IIpopeqenHbii Hamu THuCTOXMMMYeCKHH aHaJu3 
mOKa3asl, YTO OCHOBHan macca MYK cyxoro 3epHa HaxOQHTCA B SHOCHepMe. 
Ta6na. 2 noka3bipaeT, YTO HAaMa4HBaHHe CeMAH B TeyeHHe 2 Yac. B BOse pu 
36° mpHBOZMT K YMeHDbINeHHIO KOMYeCTBa cBA3aHHOH MYK B sHfocnepme 
na 40%. CogepxxaHue cpodonqHon MYK B sHfocnepMe 3a 9TO Ke BPeMA yBeIN- 
YuBaeTCaA B Tpu pasa. Ho Bce xe 9TO HapactaHne cBobomHOH MY K (94 y) HuuToOxK- 
HO M0 CpaBHeHHIO C KOJMUeCTBOM HCue3HYBUel CBA3AaHHOH copmpb! (1591 +). 
IlposeqeHuplit aHamu3 moka3an, uro MYK orcytcrByeT B Bose, B KOTOpOH 
HaMauMBauCch CeMeHa. CyleqOBaTeIbHO, MOTepaA ayKCHHa HE MOXET OBITbh OOb- 
-acHeHa ero BbIMbIBAaHHeM. MoxKHO MpeANONOKUTh, YTO 3a 9TH 2 Yaca MPOHCXO- 
—uT He mpocto nepezBuxenue MYK us sHgOcnepMa B 3apOfbIMI U OTKJafbIBa- 
“Hue ee TaM B BHJe 3amacHOl (OpMbI, HO HMeeT MCCTO AKTHBHOe PaCxOROBaHUue 
VUYK wa Kakue-To mpotecchl, BeposTHee BCero — NpoTeKalollHe B WLMTKe 3a- 
pogbuna. IIpouecc norpe6enua 3anacop WYK sxgocnepMa ufeT u B Nocudepyto- 
wive HH MpopacTaHuaA, Tak TO Ha 5 CYTKH B 9HMOCIIepMe OCTAeTCA JIMILIb 32% 
MepBOHayaIbHOTO KOJIMYeECTBa STOTO aYKCHHa. OTH aHHbIe XOpPOmMlo corviacy- 
JOTCA C Pe3yMbTAaTaMH OMbITOB XowopHoro (’). ; 
Uro KacaeTca 3apofbiua, TO mpewkse BCerO HY?KHO OTMCTHTb, YTO CBOOO]- 
‘Haa UYK B sapoppime Ha NepBbIX 9TaNax NpOpacTaHUA MpakTHYeCKH OTCYT- 
-eTspyer. Bo BCHKOM CJyuae, WMdpbl MepBbIxX Tpex ONpefeeHHH HAaXOMATCA Ha 
rpaHu wyBCTBHTeIbHOCTH MeTOga. HeckoJIbKO NOBbIINeHHOe COmep2KaHHe UVK 
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B 3apoypmmiax mocme 2 ¥ac. HaMa4YMBaHUA, BO3MOXKHO, OOBACHAeTCA TEM, 
IpH OTeeHHH 3apOAbla Ha WIMTKe HMHOra ocTaeTCH KOpOKa SHOCKep 
6oraroro MYK na 2Tom strane mpopacranus. He o6napyxusn cBodogHoh U 
B 3aposblille KyKypy3bl 3a mepBble 2—3 AHA mpopacranua u Kaprpaiir, Ca 
u Belid, ucnomp,30BaBLIMe OuNOMOTMYeCKHH MeTOA OMpeeeCHHA ayYKCHHOB 10 
xpomaTorpauyeckoro pa3yeleHua 9KCTParHpOBaHHEIX BelllecTB Ha Oymare ( 
Omnako, Kak BugHO u3 Tab. 2, K 5 AHIO MpopacTaHuaA KOMYeCTBO CBOOO,H| 
VMYK B 3apombluIe HauMHaeT BO3pacTaTb. 

Coyep»Kanne cpa3anHolt UYK, Koropad B 3apoyplue mocme 2 Yac. HaM 
UHBaHUA COCTaBAeT WuUItb 0,1 uacTh KOMUecTBa cBA3aHHOH MY K augzocnep 
TakKe HaduHaeT BO3pacTaTb K 3—5 MIO MpopacTaHHaA. 

[Ipupeyenuple WaHHble He OObxAcHAIOT pon MYK B mpolieccax, CBxA3aHHi 
C CO3PpeBaHHeM HM MpopacTaHHeM CeMAH, HO Ja/IbHeHWee UCNOb3OBaHHe XHMI 
yecKOrO MeTORa onpeseeHHA AYKCHHOB OTKPbIBae€T HOBbIC BO3MOKHOCTH | 
H3y4eHHH STOrO BOMpoca. 
Jlenuurpagdckul rocyqapcTBeHHbId YyHHBepCHTeT Tloctynuio | 

um. A. A. ?KqaHoBa 24 IX 1958 
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Horuaygn Akagemunu nayrx CCCP 
‘ 1959. Tom 124, Ni 3 


AHATOMH A PACTEHHH 


A. A. WITPOMBEPr 


AEATEJIbHOCTb KAMBHA B JIMCTbAX HEKOTOPbIX JIPEBECHbIX 
ABY JOJIbHbIX PACTEHWH 


(Tpedcmaeaeno axademuxom A. JI. Kypcanoecim 24 1X 1958) 


OunToreHe3y MpOBOAMeH CHCTEMbI JIMCTa MOCBAILeHO 3HauNTeIbHOe KOJH- 
YeCTBO HCCIEOBaHHii, OHAKO B OCHOBHOM B HHMX pacCMaTpHBaIOTCA BOMpOcEl 
MpoKaMOnaibHon Audpepeniualun uv COpMHpoBaHHA MepBUYHbIX MpoBoss- 
MX JJIeMeHTOB. OTHOCHTeIbHO HaIHYMA KAMOMA HM «BTOPH4UHOFOy pocta B Mpo- 
BOWAULeEH CHCTeMe JIMCTa HMeeTCA Topa3sqO MeHbIe WaHHbIx. Pay aBropos or- 
‘Meuai0T HaJIM4ne KaMOUA B JIMCTbAX [[PCBECHbIX JBYNOJIbHbIX, He JaBas, OLHAaKO, 
CKOJIbKO-HHOYb TeTaIbHOrO ONMCaHHA Pe3YJIbTATOB J[€siTeIbHOCTH 9TOIi Me- 
puctempr ('~*). 

_ CkKyfHOCTb JaHHbIX O KaMOHaJIbHOM JexTeIbHOCTH B JIMCTbAX nNO6yAuua 
Hac MpoBectH pA HaOsOqeHHH B 9TOM HanpaBJeHun. IIpexme Bcero, Hy2KHO 
OTMETHTb, 4TO, KaK BbIACHWJIOCb, HalM4Ne KaMOMA He MOXKET ObITb BbIABJICHO 
MyTeM MpocmoTpa NonepeuHbIxX Cpe30B 3peJIbIX NucTbeB. Hamu He OOHapyxKeHO 
MIPH3HAKOB B PacMOJORKeHHH 3PeJIbIX MPOBOMAUMX IICMCHTOB WIM B UX pas- 
Mepax, KOTOPble MO3BOMIM Obl C MOCTOBEPHOCTbIO OTJIH4HTb IJICMeHTHI, OOpa- 
30BaHHble MpokaMOueM (OCOOeCHHO MeTAKCHJIeMy), OT 9JICEMCHTOB, OTJIOXKCHHBIX 
KkaMOveM. Vi3yueHue MpoKkaMOnaJIbHbIX My4KOB Ha PpaHHMX 9TaNmax pasBuTHA 
MMCTa 0 BbIXOZe CFO H3 MOUKM NOKAa3a0, YTO OOMbIWeH YaCTbIO MpoKaMOnaJb- 
HbIe KJIGTKH, TaK %Ke€ KaK HM KaMOWaJIbHble, XapaKTePH3YIOTCA [MpPaBHJIbHbIM 
DajlMaJIbHbIM PaCciOJOKeHHeM UH TaHreHTaJIbHOH YMMVJIOWLeCHHOCTHIO, MO“eMy 9TH 
(pH3HakW TakxKe He MOFyT ABJIATbCA OMpeeIAIONIMMH B PasrpaHH4eHHH 3TUX 
ABYX THMOB Mepuctem. Peskas rpaHuila MexKy 3/IeMeHTaMM KCHJICMbI HM ()JIOSMbI 
B KaKOH-TO CTeMeHH MOMKET ABUTBCA MPH3HAKOM JIA YCTAHOBJICHHA HaJM4nA 
3JICMCHTOB, OTJIOXKCHHbDIX KaMOHeM, HO TOxKe He BO BCeX CTy4anx. CaMbIM Ha- 
(e2KHbIM MyTeM JIA OOHaPyKeHUA pe3ybTATOB JeATebHOCTH KaMOHA  AB- 
MACTCA MOMCUeT MpOKAaMOMAabHbIX KJICTOK Ha PAaHHHX 9TaMmaxX Pa3sBUTHA JMCTa 
a COMOCTaBJIeEHHe HX KOJIMY4eECTBA C KOJIMUCCTBOM KCHJICMHBIX 3JIEMCHTOB B 3pe- 
10M MIpOBOJALLEM My4kKe; pu 3TOM CJefyeT YUHTHIBATb, UTO MepBu4Hasd P109Ma 
3aKaHUNBaeT Audpepenuwualuio 3HauNTeIbHO paHbile KcMeMbI. B CBASH C 
9THM HEOOXOAHMO OTMETHTb, 4TO HaOJIONeCHHA Hall pe3syMbTaTaMM eATe/bHOCTH 
KaMOUA BOOOULE TOpasqo yMOOHee BecTH Ha 3JIEMeHTAaX KCHJIEMBI, 4eM CpJIOIMEI, 
jarofapa ropa3qo SOomee onpemeseHHOH CTpyKType TpaXeaJIbHbIX 3JIEMCHTOB, 
AX OTHOCHTCJIbHOH JOJITOBeYHOCTH MW 3HauHTeIbHOMy OObeMy, 3aHHMA@CMOMy 
KCUJIEMON. 

Uto KacaeTca CaMuX KaMOWabHbIX KJIeTOK, TO AJId UX OOHaPyxeHUA HeOO- 
KOJMMO TULaTesIbHOe H3y4eHHe WucTa B OHTOreHe3e C MOCTOAHHBIM COMOCTABuJIe- 
IMCM OTJCIbHBIX cCTaluH pa3BuTHA MpoBORAueH cucTembl. Takoe uCCieQOBa- 
ive 3aHMMaeT, CCTCCTBCHHO, JOBOJIbHO MHOrO BPeMeHH, IIOUeCMYy MbI. OCyLLecT- 
aUJIM CFO Ha CPpaBHHTeIbHO HeOOJbUIOM KOJIMUeCTBE [PeBeECHbIX HM KYCTAPHH- 
<OBbIX PaCTeCHHM, OTHOCALIMXCA K Pa3JIMUHbIM CHCTeMaTHYCCKUM TpymlaM u 
SMOOTMYeCKHM COpMaM. 

Cpeqm ucceqOBaHHbIX HAMM pacTeHUli Obl BbIABJIeH PAL BAAOB, Y KOTOPbIX 
CTAHOBUTh Hasiuune KaMOua B JIMcTe He yaocb. K 9THM BHaM OTHOCATCA 
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Betula chinensis, Fagus orientalis u Celtis caucasica. Y 9Tux pacTeHul mp 
BOMALLad CHCTeMa B Yepelike HU TiaBHOM WAuJIKe NOCTATOUHO MOULHA, HM B 917 
OTHOWeCHHU OHA He OTMMUAeTCAH OT MPOBOAAMIeH CHCTeEMbI TeX PaCTeHMN, Jil 
KOTOPBIX XaPaKTepHO Ooslee HJM MeHee MINTeMbHOe PYHKIMOHMPOBAHHe kd 
6usa. Tak, Hallpumep, B IOBCHHJIbHOM JIMCTe KuTalicKOH Oepesbl | cM AMHG 
s3atom 17 IV, B KOTOpOM (b102Ma y2Ke MOUTH NOMHOCTHIO AudhpepenunpoBaay 
a JudbbepentiualluA KCHJICEMHBIX QJICEMCHTOB TObKO HavaslaCb (o6pa3oBal 
|—2 mporoKcuJIeMHBIX 9uleMeHTa), YHCIO HX BMecTe C HeAuddepeHiMpoBs 
HBIMH KeTKaMH mpoKamOna (°,”) COOTBETCTByeT KOJMYECTBY TPaxeaJIbHbIX 3y 
MeCHTOB B MpOBOJALIeEM MyuKe 3pei 
ro muctTa 7 CM JVJIMHbI, B3ATOM C Jef 
Ba 29 X. 

Y HeKOTOPBIX Apyrux pacTen} 
KaMOHH 3akJlafbIBaeTcA B por 
WAWLHX Wyukax vepelika HW Cpe]H 
XKHJIKM JIMCTa, HO JCATeMbHOCTb 4 
BeCbMa OrpaHuueHa. Tak, Hallpumd 
y BuHorpaya (Vitis vinifera) B xy 
Ke JIMCTa KaMOWH He 3aKJlaypIBaet| 
CIVJIOWIHBIM CJIOeM, a MpeycTaBn 
OTICJIbHBIMH KJ€TKAaMH HH py 
maMu KjeToK. B mposponameh ¢ 
cTeMe uepelliKa KaMOHaJIbHbIe HB 
WMaJIbl eIATCA HECKOJIbKO paz, 
pa3yA CnJIOWHOH cow B 2—3 pal 
KJI€TOK. OTOT KaMOHaJIbHbIii CI 
(opmMupyeT KaK COCY]bI, Tak 
MCJIKOKaIHO6epHble IJIEMeHTHI (TH 
xevgpl). B 2xHJIKe JIMcTa KaMOuas 
HbIe KJI€TKH OOpa3syioT NpeHMyLe 
CTBCHHBI€ MeJIKOKaIHOepHble 3 
MeHTbI, Hrpatoulve, MO-BUUMON 
TOJIbKO M€XaHH4eCKY1O POUIb. 

Y usbpmMa (Ulmus montana) Ze 
TeEJIbHOCTb KaMOHA B CpesHeH KU 
Puc. 1. Ulmus montana With. 17 IV 1957,r., BblParkena Oosee oTYeTIMBO (PHC. 
Cpequaa x%KMIKa sucTa y ocHopaHUA. 280X KamOuit, Tak 2%Ke Kak y BHHOrpa; 

3akJlaqbIBaeTca, KOra MepBuyE 
Tuddepenitvaliua elle He 3aBepllieHa | MOMHOCTHIO, H MpepcTaBieH «AC 
BbIPaxKCHHbIM CJIOCEM TOJMHHOIO B 3—4 KJIETKH, KOTOPBIe K KOHLY 
MHPOBaHHA MPpOBOAMei CHCTeMbI B OCHOBHOM [ipeBpalllaioTca B M 
KOKasINOepHbie 3/IeMeHTbI. TakuM ©Opa30M, B HCCJI@OBaHHbIX JIMCTE 
JMCTOMAaHbIX BUAOB KaMOn HM OTCYTCTByeT BOBCe, HIM He NpOABAsHeT 60. 
WIM Me€Hee 3aMeTHOHM JeATebHOCTH B %KUNKAX JMcTa. Hanporus, WucTbs Be 
HCCJI€QOBAHHbIX HAMM BeUYHOSEJICHBIX BHJOB XaPpaKTePH3YIOTCA 3HAUHTEJIbE 
WleaiTembHocTbio KaMOua. Tak, y Ligustrum vulgare kKamOnasbHbie Ke 
B CpefHeH XKUMKE 3akKJla{bIBalOTCA OY€Hb PaHO B OHTOTeHese NpOBOAAIIeH 
CTeMbI JIMCTa M3 NepHepnyeckoro COA KMETOK MpOKaMOuA MyTeM TaHreHTa 
Horo HX jeneHuad. K sTOMy MOMeHTY NepBHUHaA KCuIeMa ccbopMupoBaHa € 
He NOMHOCTbIO, TOra KaK NepBuyHanA qlosMa 3aKaHUMBaeT (bopMupoBa 
emule KO BpeMeHH Havaa AudPepenunaluu MeEPBLIX MPOTOKCHJIEMHIX 3VIeM 
TOB. BHayasle KaMOvaJIbHbIii COM mpescTaBeH B Buse ABYX CJIO€EB KJET 
DyHKIMOHAIbHaA JECATEbHOCTh KaMOWA HaCTYMaeT HECKObKO M03xKe,KO 
HaWHHaecTCA OPeBeCHEHHE NOCJIEMHAX SJIEMCHTOB TepBHUHOM KCHIeMbI (Mé 
KCHJI€Mbl). 3a 9TO BpeMsA ycmeBaeT mponsolitH eme 1—2 neneHna KamOuE 
HbIX HHUIMaleH, TaK UTO K MOMeHTY HaYasa Auddepenunauuu KamMOuasbl 
NPOH3BOAHbIX KaMOuaJIbHbIN COL yBelMuNBaeTcH FO 3—4 psayoB Ke 
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1 KOJIM4CCTBO STO OCTaeTCH Oe3 U3MCHEHHA BCE BPeMA JeaTebHOCTH KaMOHA 
puc. 2). Tlocnequne knerKH Kam6ua ludepeniupyiorcs B MemKOKaHGep- 


Able SyleMeHTbI. KamOnii B cpequeit xKuIKe WHCTa OUPIOUNHEI OTKaIbIBaeT 3Ha- 
IHTCJIbHOe KOJIMYCCTBO TDpa- 


X€aJIbHbIX 9JICEMEHTOB, B TOM 
WHCJIe WH COCYJOB, cocTaBvIs«I0- 

MX lIpHMepHo 1/3 Bcef Macchi 
BOMOMPOBOLALIMX — 3JIEMEHTOB 
XKMJIKH, TaK YTO SJIEMEHTHI Mpo- 
TOKCHJIEMbI HHOrMa axe ua- 
cTHYHO OOmuTepupyrotca. Ham 
‘He yjlaJlocb ycTaHOBHTb yBelu- 
Se€HHA MacCcbI (POSMHbIX 9VIe- 
Me€HTOB NOCIe Hatala ReATesb- 
HOCTH KaMOHA, OHAKO, MO BCel 
BEPOATHOCTH, BTOPHuHaA (pso- 
9Ma B XKuKe uCcTa PopmMupyer- 
\cA, CYA MO OTMebHBIM rpyn- 
WaM aKTHBHO JleAUIMXCA Kwle- 
TOK HenocpeACTBeHHO Ha nepu- 
qepuu KaMOuvalbHoro cyo“. 
KoucTaHTHOe KOJIMUeCTBO KJIe- 
TOK ()IO9MbI MOKHO OOBSC- 
HUTb OOINTepallueli ee STIeEMeH- 
‘ToB, 4TO B cTeOje ABAAeTCH “OObIUHBIM ABeHHeM. JeATeIbHOCTh KaMOuS B 
yepemmke L. vulgare HacTynaeT HeCKOJIbKO pauHbille, 4eEM B 2XKHJIKe, H TAM 
oHa Ooslee 3HauUuTeIbHa. KamOuaub- 
HbIe KI€TKH WH UX JIeATCJIbHOCTb 
OTMeYeHbI TakKxKe HU WIA OOKOBBIX 
XKHJIOK WepBoro, BTOporo u TPpeTbe- 
TO MOpsAKOR. 

B smucte L. vulgare, Tak xe 
Kak HM Y HeKOTOPbIX JPyrHxX BedHO- 
3CJICHBIX, JCATEJIbDHOCTh KaMOuA He 
3aBepilaerca B MepBblii ‘Tox »xu3HH 
uucTa, a BeCHOIO, B Havase Bere- 
TalMOHHOrTO mepHoya, KaMOui B 
MucTe, KaK 3TO MpOMCXOUT B cTe6- 
JIAX, PeCAaKTHBUpyeTcaA U Ha BTOPOH 
POW JeATeUIbHOCTH OTKIAabIBaeT J\O- 
BOJIbHO 3HAUHTEJIbHy!O Maccy pe- 
BeCHHBI. Tak Kak BeCeHHHe {COCy/bI 
HaMHOrO Oolee KPYIIHOMpOCBeTHBI, 
yeM JleTHHe, mpomioroyquue, TO B 
%KWJIKe JWMCTa, aHamorH4yHO mnodery, 
oOpa3yercaA TOAMUHBbI con (puc. 3). 
OrmeyeHbI TaK2%Ke YyUacTKH dopMu- 
POBaHHA QsIOIMHBIX KNeTOK. Kam- 
Ouli B HCTe peaKTHBUpyeTcaA He 
TOJIbKO B Yepellike HM CpeWHel >KUII- 
Ke, MOCTeMeHHO 3aTyXaA OT OCHOBa- 
HMM K BepxXyulke JIMCTa, HO H B 
Puc. 3. Viburnum rhythidophyllum Hemsl. 6 9xoppix xxKHIKax, "rme cocysBl, 
19 VI 1957 r. Cpeauaa 2unka AHCTa y OCHOBA- 46a 3onapimmech Ha BTOpoH og, 

wood TakxKe POPMUPYIOT CIVIOWMHOH coil. 

[IpumepHo mo Takomy xe IvlaHy MpoTeKaeT eATCIbHOCTh KaMOuA B sucTe 
y Laurocerasus officinalis Viburnum rythidophyllum. ee MOLLHBIM 
Cnoit ApeBecuHbl OTKaspIBaeTCA Ha BTOPOH Toy B JIMCTE y V. rhythidophyllum, 
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Pue. 2. Ligustrum vulgare L. 10 VI 1957 r. Cpez- 
HAA WKHIKA WMCTa y ocHOBaHUA. 280X 


rye OH cocTaBuIAeT OKOJIO 4/3; OT TOM BCeH MpOBomAuehH CHCTeMBI JMCTa (puc. | 
Y jiaBpOBUUIHU, JIMCTbA KOTOPOH YaCTO AKHBYT HECKOJIbKO eT, Ha TPeTHH P 
HUKaKUX MpH3HaKOB peaKTMBMsallMH KaMOMA He oOHapy2KeHO. | 
B smucrbax Ilex aquifolia n Euonymus japonica kamOul He BO3OOHOBJIA 
CBOeH JI€ATeJIbHOCTH Ha BTOPOH PO] %H3HM JIMCTA. B nepBbi roy oHa 3Hauy 
TebHa, XOTA W HeCKOJIbKO MeHbIIaA, YeM B WHCTbAX Laurocerasus officinal! 
u Viburnum rhythidophyllum. | 
TakuM O6pa30M, Hall JaHHble NOKa3bIBaIOT, UTO B JIMCTbAX HCCIeAOBAa 
HbIX IATH BUOB BCYHOSCJIEHLIX PaCTeHHMt JexATebHOCTb KaMOuA BCerLa OTM 
yaeTcA Ha MepBbili Tox, a HHOra MpoOMKaeTcA Ha BTOPOH, B TO BPeMA, Kal 
Y JIETHESCJICHEIX JIMCTbEB H3YUCHHEIX BHJOB JesxTebHOCTh KaMONA HJM OTCY 
CTBYeT BOBCe, WIM MPOUCXOAUT B OUCHb OFPpaHHYeHHIX pasMepax. Koneund 
KPyr HallHX OObEKTOB CJIMINIKOM Y30K, YTOObI MOXKHO ObIIO yTBEpP2xKLaTb C NOI 
HOM OMpeeeCHHOCTbIO O HeM3MeCHHOH CBA3H MexKy JIMCTONAaHOCThIO UM pely 
Wel MeaTeibHocTu KamMOua B sIucTe. Bo BcAKOM CJTyYae COBCPIUCHHO OYEBUAHC 
4TO B JIMCTbAX JBYJOJbHbIX JPeBECHBIX HM KyCTAPHHKOBbIX pacTeHuH Cyllecy 
BY!OT Pa3JIMUHbIe (POPMbI JeATeIbHOCTH KaMOMA, MPHYEM B HEKOTOPHIX CJly4uas] 
KaMOuH MOHOCTHIO WHuddepeHuupyercaA B MeXaHHYecKHe SueMeHTHI. B yepellix| 
JICATEMbHOCTh KaMOuA Oosee BbIPAKeHa, YEM B CPeAHEH XAKMJIKE, a B ITO nOcse 
Heit KamOult Gonee AKTHBEH B ee HUXKHEM YaCTH Hy HEKOTOPBIX pacTeHHH BbIKJIHE 
HMBaeTCA yoxKe B CepeslMHe WHCTA. | 
Kak noka3aiM Halim HaOOJeHHH, KaMOnaJbHble KJIETKH B NpOBOLALIe} 
CucTeMe JIMCTa BO3SHHKAIOT, Kak paBHJIO, U3 NepHdepwHyecKOrO COA KETO! 
mpokaMOusc, MyTeM UX TAaHTeHTaJbHOrO JlemeHHA. TemM CaMbIM MOATBeEp*KTaerTcs 
Touka 3peHna (7), corsiacHo KOTOpoH mpokaMOuli WM KaMOMH SABJIAIOTCA JBYMS 
CTaJMAMM Ppa3BHTHA OHOH HM TOH Ke MepHCTeMaTHYeCKOH TKaHH. a 
PaOora mpopoyusiacb mpH KOoHcymbTayun mpod. A. A. SAuenKo-Xmenes 
ckoro. Psa WeHHbIX COBeTOB nO sMTepaType BONpoca Obl mMOyueH OF 


| 


4 
q 


npodp. E. M. S3ay (esuc, Kanucopuus, CLA). Nonpsyacb cryuaem, npHHOMy 
uM OylarosapHocrts. | 


TOuauccKHH HayuHO-HCcMeqoBaTebCkKuY Tloctynua0 
XHMHKO-(papMalleBTHYeCKHM HHCTHTYT 24 IX 1958 


UMTMPOBAHHAA JIMNTEPATYPA 


*B.T. Anekcauypos, Anatomua pactennii, M., 1954, crp. 309. # K. Esa y 
Plant Anatomy, N. Y.—London, 1953, 381. 3 J. H. Elliot, Ref. Bot. Gb. 5—6ee 
(1935). ¢J. H. Elliot, Ann. Bot., 1, 1, 107019387. ©S. Watari, J. Feceme 
Tokyo Univ., Sec. 3, Bot. 5, 3, 195 (1939). SE. Plymale, R. B. Wylie, Am 


re seine 99 (1944), 7B. Samantarai, T. Kabi, Current Sci. (India), 26, 
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PH3SHOJOLH A PACTEHHH 
®. JI. KAJIMHHH 


HEKOTOPbIE MOP®0-®H3HOJIOTHYECKHE OCOBEHHOCTH 
IMBPHOrEHE3A PACTEHHM 


| (ITpedcmaeaexno axademuxom A. JI. Kypcanoeeim 24 IX 1958) 

_ Ilpouecc nocrpoenus cemeHu OGHUMaeT coOoli Bech nepuox aMOpnoHaaL- 
Oro copmMupoBaHuA pacTuTesbHOrO OpraHu3Ma. 

_ Bosbumucrso pador mo sMOpuosorun BbicMmMx pacTeHuii uMeeT ONMCATeNbHbII 
apaxtep (’,°-°). Mexny Tem cbv3vom0ro-OvoxuMnyecKoe HanpaBsleHve B 9M- 
PHOOrHH MaeT BOSMOX%KHOCTh U3YYeHHA 3aKOHOMEPHOCTel, Onpesem MOU x 
ovlee ryOokve COOTHOMEeHHA H CBA3N MexKy (OpMoOii Hu OOMeHOM BellecTB Hi 
TaBHT Ha peaJIbHyIO MOUBY BO3MOXKHOCTh PasBUTHA 9KCNePHMeHTAJbHON 
MOpuosiornn. 

Msyuenve 3aKoHOMepHocTeli 9MOpvoreHe3a HaMM ObIO HayaTO Cc mpocuie- 
SMBaHHA HEKOTOPHIX MOPdoorMyuecKHX HM Cu3HOMOTHYeCKUX OCcObeHHOCTEi! 
OpMupytolleroca sapobila uv sHocnepma. B xKauectTBe OObeKTOB H3y4eHHA 
BIH B3ATbI O3MMaA MiueHula JlroTrecuenc 17, apoBaa nmeHuna ApHayrTKa 
lemepyanckas, peabKa copta [paliBopouckaa. 

Y 3apojpliieH 9THX PaCTeHHH Ha pa3HbIxX 9TaNax SMOpuoreHe3a Onlin Mmpo- 
JIEXKeHbI: OCOGCHHOCTH MpOxo*AeHHA MpOWeccoB APOBN3allNH Mpu Temnepary- 
ax O—3, 5 u 12°; u3meHeHHe BCxXOMKeCTH; DHEPruA MpopactaHua; xo pocta 
Audpepeniualun Ha TKaHH M OpraHbl; HapactanHue Ccyxoro BellecTBa; cio- 
OOHOCTh 3apofbIuel pacTtu in vitro Ha MpOcTbIX HM CJIOMKHIX Oprannyecknx 
peyax; H3MeHeHHe OBOMHEHHOCTH TKaHeH. 

XapaktTep W3MeHeHHA Kaxoro MOpdo-*Pu3snOOrMyecKOTO NoKasaTeA MIA 
3MMOM mueHuib JltoTecuenc 17 mpefcraBieH rpaduyecku Ha pue. |. 
 VWcxona u3 xapaktepa u BpeMeHH HaCTYIJICHHA 3AMETHBIX MepeXOOB B H3MeHE- 
ie pasmepa,cbopMbl, xoya AuddepeHUnallMnn A pyruxX MpH3HaKOB,MOKHO HaMeTHTb 

M Pa3JIM4HbIX COCTOAHUA, Yepe3 KOTOPbIe 3apOMHILI MINEHHILb! MOCeLOBaTeJIbHO 
poxozuT B cBoem pa3BuTHH. [leppoe u3 HUX COMPOBOAKaeTCA MHTCHCHBHBIM 
‘AKOINJICHHEM MaCCbI KeTOK 6e3 UX Ruddepenwuallun; Bropoe — OBICTpHIM 
OCTOM HW MUHTCHCHBHbIMUY cbopMoo6pa30BaTeJIbHbIMH MpoileccaMy; TpeTbe 
TOPHUHBIMH MOpcomOrMuecKuMM H3MeHeHHAMH (OOpasoBaHHe MpoBossiler 
MCTeMBI H Jp.). 

- Tipu 2Tom B 3apoypiue u SHLOCMepMe MPOMCXOMMT CYUeCTBeEHHOe U3MeHe- 
we B COepxKaHuH BOLI u cyxoro BemlecTBa. B mponecce smOpuoreHesa Co- 
epxKaHue BOsbl B TKAHAX CPOPMUPylouleroca sapOfbila 3aMeTHO Oosee BBICO- 
oe, uem B 9HMOcHepme (puc. |, /0, 14). ComepxxaHne BOJbI B Sapombie H 3HIO- 
flepMe 110 Mepe UX pa3sBHTHA yMeHbIaeTcs, mpuyem Ha7—9 u 17—Z20 jeHb 
x cbopMupoBaHuaA oTrmeyaetTca Coulee pe3kOe YMeHbIeHHe KOJMYCCTBAa BOE. 

Ilo mepe cbopmMupoBaHHA KOMMUECTBO CYXHX BEIMeCCTB HEYKJIOHHO Hapactaet 
‘aK B 3apojblllie, Tak H B 9HJocrepme (puc. |, 9, 13). IIpu stom na 9—I1 x 
7—20 eHub cbopmupoBaHHA 3epHOBKUM TEMM HaKOIWJICHNA CYXUX BEILECTB Pe3kO 
ospactaer. Tak, Hampumep, Ha 17 JeHb Co3speBaHHA 3€PpHOBKH O3HMOH MINe- 
(MbI cOjepxKaHue cyxoro BellkecTBa COCTABIAO: B saponpiie 22,0 as B 
Hylocnepme 53,4%, a Ha 20 eb coorsercTBeHHO 61,3 u 84,0% oT MaKCuMaJIb- 
oro. 
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Mopdovioruyeck 


Cnoco6uocTh Hespenbix sapoxbnneli x MpOpacTaHnioO B CHJIbHOH cTeneHN 
ABUCHT OT 9Talla SMOPMOHabHOrO qopmMupoBanusa. Y ceman, yOpaHHbIx u 
pasy 2Ke OOMO/OUEHHBIX, 8apoALI mpHobperaer cnoco6HoctTh K lpopacTaHuio 
ia 7—9 JeHb opMupoBanusa (puc. 1, 5). Pesxoe, cCKayukooOpa3Hoe H3MeHeHHe 
MOCOOHOCTH HespeOro 3aposbina K MpopacraHuro HacTylaeT npHOM3uTeIbHO 
fa 17—20 yeHb co3peBaHua 3epHOBKuH. HenocpeycrBenuy!0 CBA3b CO cm0co6- 
lOCTbIO SapOfbliia K MpopacTaHulo uMeeT usMeHeHHe ero mMopdomornuecKux 
yeoOeHHocTelt (puc. 1, 17), T. e. xona audbepenunanun. Ha 6—7 Te€Hb KU3HU 
(auMHaeCTCA YCHJICHHBIM Mpolecc Audpepenualun, upusem ofHum 13 II€PBbIX 
OpasoBanui dopmupyerca TouKa pocra. K 17 guH0 CO3peBaHHA SePpHOBKH 
[polecc uddepenunaluu B OCHOBHOM 3aKaHunBaeTca. 

TakuM oOpasom, O2HUM U3 BaxkKHemmMx ycnoBuit, ONpeeAIOMAX cmoco6- 
(OCTh Hespeloro CeMeHH K IpOpacTaHulo, ABIAeTCA XOX Aucddepenunanun 
apoybiiia Ha NepBHYHble OpraHbl. CnocoOHOcTh HespeubIX CeMAH K Mpopacra- 
[MIO P€3KO BOspacTaeT, eCIM MOcie yOOpKu OHM HeKOTOpOe Bpems ocTaloTca 
[a pacTeHun. 

Ot xofa Audpepentnatuu saBucnT TakxKe cnocoOHocTh Hespesoro 3apo- 
bila K POCTY Ha CHHTETHYCCKHX NMTATebHbIX cpefax (puc. 1, 12). Ha cpeqax 
MO¥KHOTO OpraHuyecKoro COCTaBa 3apOAbII JO Hatala Auddepenunaunun na 
(€CpBHUHbIe Opravbl He pacTeT, C HayaJIOM xe Audpepenlualuu ON MerKO pacTer 
| pasBMBaeTCA BO B3pocoe pacTelve. SapoOfblll, B KOTOPOM  mpoleccpt 
uepenitmallun OKOHYeHEI HW B TKaHAX KOTOPOrO HacTymusO Oomee nHTeH- 
MBHOE OTJIOKeHNE SallacHbIxX BellecTB, cnocoOeH pacTH Ha cpesax, cocTo- 
IMMX M3 PacTBOpa CMeCH MMHEePaJIbubIX COMeH C MOOaBJIeEHHeM K HeMy Ca- 
-apO3bl. 

Bowpuioh HHTepec MpeycTaBiser OTHOWMeHHe PopMupyrouleroca 3apogpmua 
: TIOHW2KEHHBIM Temuepatypam (puc. 1, 2, 3, 4). Ilpu BosyelictBHu Ha 3apoybu 
‘@ pa3HbIx 3TaMax 9MOpuoreHesa Temnepatypol O—3, 5 u 12° Ha6mogaetcs pas- 
MUHbI XapakTep MpOxoOxKJeHHA NpOWeccOB APOBH3allMH: 4YeM SMOPHOHAaIbHO 
Taplle 3apOjfbill, Tem sJyule u Oblcrpee MpOTeKaloT B HEM NPOWeccht APOBH- 
alluu pu CpaBHUTebHO Gosee HU3KOH TemnepaType (0—3 u 5°) (puce. 1, 3, 4). 
la paHHux sTanax 2MOpMoreHesa Y O3HMOMi IIIMeHHIbl MpoOuecchl ApOBusallun 
porexaiwr upu 12—14° (puc. 1, 2), TO ecTh MpH TeMMepaTypHbIX yCuIOBUsAX, 
apaKTePHHIX [WIA MpOxXowAeHuA STOH cTaquu y APpOBOH MIMeHMIIEI. V3 stToro 
mefyeT, uTO spoBad opMa MWeHMIb B uJIOreHeTHYeCKOM OTHOWCHHH 
BJIACTCA MIPeMIIeCTBeHHHKOM O3HMOM MUICHHIIbI. ; 

Takum oOpas0M, xO MpocuexKeHHbIX HaMM MOKasaTeleH FOBOPHT O TOM, 
TO B mpomecce sMOpHOHaIbHOrO (OPpMMpOBaHHA PacTeHHe NpPOXOAUT yepes 
PH MOCeOBAaTeEbHbIX ZTAMa: MPeMMYeCTBeEHHOPO POPMMPOBaHNA SHZOCTepMa, 
PeEMMYIIecTBeHHOTO PaSBUTHA 3aPOAbllila, OTOKCHHA SallACHbIX BCULECTB. 
TH 9TaMbl MOXKHO KPaTKO OXapaKTePH3OBaTb CJIeAyIOulMM oOpasom. 

Stan npeuMymecTBeHHOrTO popMupoBaHu ds 9H]O- 
mepMa mpofom«aerca qo 7-—10 AHA CcospeBaHuA SO USO B 3ap O- 
ble B 39TO BPeMA MpoTeKatoT MepBble AeMeHHA KJCTOK. Uner MHTeHCHBHbI 
pollecc HaKOMJeHHA MaCCbl KseTOK Oe3 NudpepeHuwalMu Ha OpraHbl, TOUKa 
OcTa elle He COPMUupOBalacb; OTMeYaeTCA HeESHAYHTEbHOe YBeIMYCHHe 

JWIMHy; TKaHU UMeIOT BbICOKOe HacbIlleHHe BOAOH. Sapoxpmuu cae Bears 
@ pacTyT B HCKYCCTBCHHBIX CTCPHJIbHbIX YCOBHAX Hanke ere a ads Stee 
praHuueckoro cocTaBa. DHROCMe PM HHTEHCHBHO i aad Ce a 
p0k (7—8 puHeli nocme onbwieHua) MocTuraeT cBoeH Mper ; 
kaHM OTMMUAIOTCA BbICOKOM oOBozHeHHOCTHIO. I]pupocT cyxoro BelllecTBa B 
auHTeveH. : 
MM ecaiasue mponeccos (bopMupoBaHHA SHLOCMepMaJIbHOU Mp: ad 
MW 3apoOj[billia, a TAaKxKe OTCYTCTBHE B NOCACTHEM 7 peu 
me, Pasee re onpenersiot cpusvomoruuecKkue (PyHKUMM SePpHOBKH 
Mee, porn poeta our fi COBNalaeT c (a3s0H OpMHpoRaHHA u 
a JIAHHOM 3Tame pa3BHTHA, KOTOPbIM 
6nalaer cmocoOHOcTbIO K MpopactaHuio, a eCiH 
aIMBa 3€PpHOBKH. OHa He OOaA CHU MpOJO/JDKUTeIbHOFO BpeMeHH 
pOpacTaHHe M HacTymaeT, TO JIMIIb 110 HCTeY P 
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(16—20 queii). Ha posgelicrsne nonmKeHHbiMH TeMIepaTypaMu 03 & 
, eT cjado. f 
Boos: mpeuMymecTBeHHOTO pa3sBUTHA 3aPpOAb 
mpogomKaercs c 7—10 70 17—21 AHA CospeBaHHA 3€PHOBKU. B3apogyu 
BOSHMKaloT Mpouecchl, Bexyulne K AudpepenuMaluu Opranos. K KOHIY nepu 
3apObIL CTPpyKTYPHO H OvOxuMM4eCKM MocTuraeT MpHOIM3HTeIbHO 90% cB 
MakKcuMaJibHoro pa3Mepa. WuTeHcHBHbIM pocT u muddepenwnallua CONPOB 
JlalOTCA He3HAYHTeIbHBIM MpHpocToM cyxoro BelllecTBa. Bo Hauale 9Tala 3 
[bl], OTYICHeHHbI OT MaTepHHcKorO pacTeHHA, MpnoopeTaerT cnoco6HO 
pacTH HM pa3BUBaTbCA BO B3pOC/oe pacTeHHe Ha CMHTETHYECKUX CpeMax Cil 
HOrO opraHuyecKoro cocTaBa. PasMeppl 9H FOCMePMa MaO H3Me 
OTC’; B HEM OTMe4aeTCA MHTCHCHBHDIM MpupOcT CyXOro BelllecTBa; BJlaKHO! 
TKaHeH MOcTeneHHO CHMKaeTCs. f : 
3epHOBKA HaxofuTcaA B (base MOJIOUHOM HIM 3eJIeHOM CNemOCTH, Ti 
UCXOMMT pesknii CKayOK B ee CMOCOOHOCTM K NMpopacTaHuio HW BOCIIPHHMYHBO 
K MOHWKeEHHbIM TeMnepaTypaM. TakHM ©Opa30M, BTOpOH 9Tan OTIMYae 
3HaUNTebHOK u3HOMOrMYeCKOM AKTHBHOCTbIO 3apO/bILla. 

Iran oTAoKeHHA BANMACHHX BEWeCTB Nposom«Kae 
c 20—21 mHa No KONA cospeBaHud 3epHOBKH. B 3apOMblile 3akaH4H 
loTCA Mpowecchl Auppepenumalun, OH AocTuraet cBoeH eCTeCTBeHHOH Be 
UMHbI; 3aMeTHOe MafeHHe BJaKHOCTH ero TKaHeH COMPOBOKaeTCH WHTCHC: 
HbIM IIPOIMe€CCOM HaKOMJeHHA CyXOro BelleCTBa: 3a STOT NepHOq B HEM Hak 
aaetca 70% Bcex cyXux BelllecTE. B oTWIeHeEHHOM COCTOAHHH 3apOAbU CNOCcoL 
pacTw Ha cpefax, COCTOAIMMX H3 CMeCH MHHePaJIbHbIX COeH U Caxapos3bl. B 3 
mhocmepMe mposomKaetrca MefqeHHoe HapacTaHHe CyxXOro BellecTBa up 
Koe MafleHue cOfepxKaHuA BODHI. 

SepHOBKa _  focTuraer NONHOH 3peocTu, OOsafaeT mpaKkTuyect 
BCXOXKECTbIO, BOCIPHHMYMBOCTb K MOHM2KCHHBIM TeMMepaTypaM y Hee CH 
nayaer. 

AHaJIOrM4HbIe 8aKOHOMePHOCTH B XOJe MpOCJeKeHHbIX MOKasaTeel BM 
mecce SMOPHOHaIbHOrO pasBHTHA OTMeCYeHbI WH Y APOBOH nmeHuubI ApHay’ 
Hemepyanckasd uw pesbKn copta Taiipopouckag. 


Hay4no-neceqopaTebCKuli HHCTHTYT (usHOOrHA pacTeHHit Toctymus0 
Ykpaunckol AxkaemMHH CebCKOXOSAHCTBeHHBIX HayK 30 XII 1957 
UMTMPOBAHHAS. JIUTEPATYPA 
11]. Maremsapu, SmMOpnonorua noKppiTOCeMeHHEIX, M,, 1954. 2.12 Beier 
puH, Cou., 38, 1948, crp. 327. 3 9.C. Moguaneseku it, SmMOpnonorua MOKPbIT 


MeHHBIX pactenult, Knes, 1953. * K. Schnarf, Embryologie der Angiospermen, Ber 
1929. ® K. Schnarf, Vergleichende Embryologie der Angiospermen Berlin, 1931. 
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PHZSHOJIOTH A PACTEHHH 


A. A. KAUAH u M. A. IIEPCTOBOEBA 


JIEMCTBHE CBETA HA IJIEKTPONPOBOJHOCTb JIMCTbEB 
KAPTO®EJIA 


(I1pedcmasaeno axademuxom A. JI. Kypcanogsim 24 1X 1958) 


O6yyaa MamMno HakaJIMBaHAuA HuTYaTy!0 BOZOpocab Clodophora, a Takxe 
AHOKNeTuaTy!IO Bosopocb ChlorellaB mutTatentbHbIx pactBopax, JI. T. Arao- 
a (*) HaOJiOJaa YMeHbINeHHe SCKTPOMPOBOAHOCTH CHCTeMbI,; pH MoCseLyI0- 
I€EM 2K€ 3aT€EMHEHHH 3JIEKTPONPOBOAHOCTH pocsa. Oror cbakT oTpaxaerT B oc- 
(OBHOM H3MCHEHHE KOHICHTPalluH HOHOB B MHTATeJIbHOM PaCTBOpPe: BO BpemaA 
CBEWLEHHA MPOHCXOAMT NOrsouleHHe BOMOPOCMAMM HOHOB U3 MMTATesIbHOrO 
ACTBOPa, a MPH BHIKJIOUCHHM HCTOUHMKa CBeTa, HaOGOPOT, YaCTb HOHOB Me- 
EXONMT H3 KJIeETOK BOMOpoceH B pacTBop. Mcnomb3ya ypaBHenue Maxcsesuia, 
OTOPoe NIPHMEHACTCA TlaBHbIM OOpPa3s0M B padoTax NO ONMpeeeHHIO 31eKTPO- 
poBozHOcTH spuTpouuTosB, JI. I. AraoBpa AenaeT pA BarxKHbIX BbIBOJOB, B 
acTHOCTH OO yMeHBbINeHHH MpH OOJTYYeCHHH KOHICHTPalluH CBOOOAHBIX HOHOB 
@ TOJIbKO B OKPy2KalOUleM KJICTKH PaCTBOpe, HO HM B CaMMX KJeTKax. Mexgy 
€M, H3MepeHHe BeMUHHbI CONPOTHBJCHHA cCpebl, KOTOPoe UCcHnOb3yeTcA 
IA pacueTa COMpoOTHBJIeHHA CYCNeHINPOBAHHbIX YaCTHI, MpOH3BORUMOCb B 
€MHOBBIX YCJIOBHAX. 

B cBa3H C STHM IIPeACTaBMAJIOCh MHTEPCCHBIM MOMYYHTb MPAMbIe OMBITHBIEC 
aHHble O XapakTepe H3MeCHCHUA I/ICKTPOMPOBOAHOCTH S3eJIEHbIX YAaCTel pacTe- 
wi Kak B mpoliecce elicTBuA CBeTa, TaK HM HeMOCpeACTBEHHO MOCce BbIKIOUe- 
UA UCTOUHHKa cBeTa,—TeM Ooulee, uTO B padote B. Bb. Escrurneesa u 
}. A. Taspuopoli (7) ycraHoBjeHo, 4YTo OOJly4eHHe BUHMbIM CBeTOM 06¢3- 
aXKCHHbIX MHPHAHHOBBIX PacTBOPOB xXJMopoduJa, PeopuTHHa uM dranowMannna 

IIpHcyTCTBMM BOCCTaHOBUTeeH (HanpuMep, deHusrnypa3suHa) yrKe yepes 
5—30 cek. BbI3bIBaeT yBeMueHHe SIeKTponpoBogzHoctTH. IIpu Oomee AHTeIb- 
OM OGIYYeHHH SJICKTPOMPOBOAHOCTh CHWKaeTCA, OHAKO Np Temnepatype 
-40° nayeHue deKTPOMpOBOAHOCTH HaOMOMaeTCsH TOMbKO TlOce saTeMHeHHsA 
actpopa. Ilomyuenupie B. B. EpcrurHeerbio u B. A. TaBpusosol aHHble 
OATBepalOT BbICKaSaHHOe paHee B STOM 2%e abOpaTOpHH NMpesMoNowenne 
4) 06 o6pas0BaHuH Mp COTOBOCCTAaHOBJeHHH XMOpOpusa uw ero MpoHnsBO]- 
bIX BECbMa Pe€aKUMOHHOCNOCOOHOH Mu OOJIafaiolleH 3apaOM MpoMexkyTOUHOH 
OPMbl MHrMeHTOB. j 

Viamepenue a1eKTponmpoBOXHOCTH MPOHSBOAMIOCb HaMM B  9dJ1eKTPOMHOK 
welike (puc. 1), B KOTOPOM Ba NaTHHOBbIX MIPY2KMHAMIMX STeKTPOMa YKpel- 
AJIMCb Ha CTCKIAWHOM MacTHHKe; paccTosHue Mexky seKTpoqamu 10 MM. 
JIA OMBITOB HCMOJb3OBaJINCb CBEKCCOPBAHHBIe NHCTbA KapTodesa u Echeveria, 
OTOPHIe MOCe MPOMBIBKH JMCTHJWIMPOBaHHOH BOLO HW BbICyIIMBAHHA Heo 
ACTaMH (PUJILTpOBAIbHO GCyMarH MOMeLaIHCh B SI€KTPOAHYIO AYCHKY. SNH 
2pMuc B MeCTe KOHTAaKTa JIMCcTa C MaTHHOBbIMH prea le CHHMA@JICA, a 
SINT ead an uc toa renee LA ie 
DWKUMAJICA K TIpy2KMHAULMM S/eKTpOaM Mp NOMONM 16 denen x 
WeKTpoHad AuelKa HaxOfusMach B KacceTe, ITO soa A: y p oe p 
POBOJHOCTb KaK B TCMHOBDIX YCJIOBHAX, Bee ee Ne ea Ate ae a 
yeTa BO BCeX OMpITax culy2kHsa KHHOMaMMa OOO BT, CBeT OT K A ag 


CHpOBaJICA Ha SJIeKTPOAHy!O AUelKy OombUIMM KOHeHCOpoM. Mxdpaxpacy 
YUH MOPoUlatuch (ubTPOM — pacTBOpOM MefHOrO Kymopoca. 
Vismepenne 3u1Ie@KTPpOMpOBOZHOCTH MpOH3BOAUOCb OObIYHBIM MeTOJOM C 
NOb30BaHHeM reHepatopa (2500 ri), cHaOxKeHHOrTO MHANKAaTOPHOH sami 
6-E-5. Tlocrosuuaa cocyfa ompesensnach no 0,1 N pacrsopy KCI. Ina sani} 
HeHUA PaCTBOPOM XJIOPHCTOTO KaJIMA IICKTPOMHOH AYeHKH NMepeHAA ual 
ce 3aKPbIBaIaCb CTCKAAHHOM mlacTHHKolt. U3mepuB mpm MoMoma MUKpoMe} 
TOJMMMHY JIMCTa, MbI MOIIM BbIUMCIHTb 3HaueHHe YCIbHOM JJIEKTPOMpOBh 
HocTH xy. Tak Kak pa3JIMUHble yuacTKH JIMCTa MMeIOT Pa3JIMUHY!O TOMULMHY, | 
paccuHTaHHble HaMH 3HaYeHHA yebHOH 2ICKTPOMPOBOAHOCTH MMeJIM He; 
TopytO oOwmMOKy. OHaKO NOJyueHHble TAKUM MYTeM 3Ha¥eHHA x BCe %*Ke Ta 
OCHOBaHHe JIA COMOCTABUJIe- - 


HHA C MOrpeuiHOCTbIO B mpe- 4b ues fae 
A f 
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‘2 at f / 
iJ | 
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Puc. 1. Snextpoznas auelixa. 1 — naTHHoBble NpyKUAALIMe SMeEKTPOAb, 2 — cocyA AA BO 


Puc. 2. Yaenbuan aneKTponpoBoguocTs craporo (/) H Momogoro (2) wucTbeB KapTodensA: a — 
TeMHOBBIX YyCJIOBHAX, 6 — BO BpemaA OOMyUeHHA 


menax 10—20% aHHbIx u3MepeHHH OTJCJIbHbIX CePpHH ONBITOB Ha pa3uJir 
HbIX JIMTbAX. 

KOHTpOJIbHbIC H3MEPeHHA MOKAsaIH, UYTO SJIEKTPOMPOBOAHOCTL JIMCTa 
H3MeHANaCb BO BPe€MeHH B OTCYyTCTBHe CBeTa B Mpefemax 10—l5 mun. 
KOMHATHOH TeMiMepatype. 

Ha puc. 2 npnBezeHbl KPHBbIe, MOKaSbIBaIOULMe HSMCHEHUE YJeJIbHOH Jue 
TpompoBoynocTn craporo (/) Hu Mowoyoro (2) mucTbeB KapTodena. M3 ux pe 
CMOTPeHHA CuleAyeT, YTO y2xKe B TEUCHHE MePBHIX CeKYH] OO yueHHUA HabsmoONat 
CH pe3KOe yBeIMYeHHe SJIEKTPONPOBOAHOCTH JuCcTa. SaTeM nOWbeM mpexKt 
WWaeTCA H IICKTPOMPOBOMHOCTH B TeYeHHe ONbITa He H3sMeHseTca. IIpu BHIKI 
YeHHH CBeETA SJIEKTPONPOBOHOCTL CHHKaeTCA, MocTelyioulee OOMyueHHe BHO 
BbISbIBACT YBCNMYEHHE SJIEKTPOMPOBOLHOCTH, OHAKO (poTocTallMOHapHoe ¢ 
CTOAHME TeNe€Pb PacnosO*ReHO B OONacTH Oomee HH3SKUX 3HAaYeHH yx. Dcbide 
HaOMOaeTcA He TOMbKO Npu OOyYeHH He*ubTPOBAHHbIM CBETOM KUHOWAaMN 
HO Takxe HW Mp eHCTBHH MOHOXpOMaTHYeCKUX Jyuelt B OOacTH KpacHe 
M CHHeEroO MaKCHMYMOB MOPIOWeHHA XNOpodussa. Crekyer OTMeTHTb, UTO TI 
OOYYEHHH 3aBeOMO YOUTBIX HarpeBaHHeM JMCTHEB BHAYeHHe YebHOL Su 
TPONPOBOAHOCTH peskKO YBeNMUMBaeTCH, HO aqpeKT H3MeHEHUA 9SJIeEKTPON] 
BOMHOCTH MO WeHCTBHeM CBeTa Ha TaKHX JIMCTbAX BbIPAKeH BHAUNTEbHO CJ 
Gee, UCM Ha %KUBHIX WHCTbAX. ONaKO HB 3TOM culyuae XO], KPHBbIX H3MeHeH 
IIEKTPOMPOBOAHOCTH MPH OOYYeHHH M NMOCe BHIKIIOUeHHA CBeTa Haron 
HacT KpuBble, Nowyyenube B. b. Escrurneespm u B. A. Tappunosoit p TIM] 
AMHOBBIX PacTBOpax (eopuTHHa u xmopodunna mpu —40°. 


F Kak NOKa3aJiM Hay OMBITHI, acbext H3MeHeEHU A IJIEKTPONPOBOAHOC 
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BOBCe OTCYTCTByeT Ha Hecojepxallux XNOpous KOpHensoqax — Kpacuoli 
jcBekle H MOpkoBu. Orciogla culelyeT, uTO B HaOuOaeMOM Hamu 9ScpieKTe Ha 2Ku- 
|BBIX JIMCTbAX BaxkHOe SHaveHHe UMeeT HamMUMe xopocusua. 

| XapaxkrepHo, 4To TunmuHBe aqE Ana cepmMeHtos (°), wMerolulue mpsaAmMoe 
rae K (poTocuHtTesy, nofaBraior adpexr usmenenusa 9JIEKTPOMpoOBon- 
‘moctu. Ha puc. 3 npuBexenbl pesyabrarbl u3sMepennii 8aBMCMMOCTH TIOHWKeHUA 
|YAEABHOK SeKTpoMpoBoxHoctu Ay oT BpemeHH BbIepxKuBaHHA sMCTa B pac- 
/TBOPAX PasJIM4HBIX ALOB. Ha sTOM 2Ke PuCyHKe KpuBas | coorBeTcTByeT 3Ha¥e- 
‘auam Ay 11a ucta, He OOpa6oranuoro ajom. Kpupaa 2 nomyuena Ha McTbAX, 
 eaaligmaiaes COMAHOKHCJIBIM THApoKcusiamnanom (NH,OH-HCI- 10-3 mon/.). 
M3 xoma sToH KpHBOM BUu_HO, TO pu B Teye- 


ave 623-MuHYyT NpexBapuTembHOH o6pa6orKu he 
WMcTa B pacTBOpe YkKasaHHOH KOHIMeHTpaunu ; 
THAPOKCHlaMHHa MOJHOCTbIO §©mMOsaBuAeTca 2 
apekT U3MeHeHMA SJIEKTPONpOBOAHOCTH Mp 
oOly4ueHMH JIMCTbeB §=KapTopena. Ha xpu- a 
BX 3 u 4, MNOJYYeHHBIX Ha pacTBopax 2 
y 
ae 4 
xs ~ 
ee z 
x 
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Puc. 3. Usmenenne yyerbHo snekTpompoBogzHoctH Ay mpu oO6myyeHuM KHHOMaMMOl ucTbeB 
KapToea, MpeiBapHTesbHO BbILep%KaHHbIX B pacTBopax: / —B uNcTOM Boe, 2 —B COMAHO- 
‘KHCIOM ruqpokcumamune (1078 mon/a), 3 — B o-enanTpommne (1,7-107? moan/n), 4 — B o-cbex- 
antpomuHe (1,7-10°4 moan/n), 5 —- B mMegquom xymopoce (107? moa/m). Bpema o61yuenua | MMH. 


Puc. 4. SaBpucumMocTb yJebHOH 3JIEKTPONPOBOMHOCTH JIMCTbeB OT TeMMepaTyPhI 


{ 

o-beHaHTpomuHa Konuentpaunu 1,7-10-% u 1,7-10-* mon/n coorBercTBeH- 
HO, BHZHO, Y4TO MOMaBAIONlee elCTBHe Afa B HalllHX OMbITAX 3aBHCHT 
He TOJIbKO OT BPeMeHH BHIJepXKUBaHHA JIMCTbeB B PaCTBOPe, HO UH OT KOHIMeHTPa- 
IMM B HeM aja. C yBemMueHHeM KOHIeCHTpalluu Ala MMHMMyM Ha KPMBbIX CMe- 
MaeTCA B CTOPOHY YMeHbINeCHHA SKCHO3HIUMH JuCTa B pactBope saga. Mutepecuo, 
4TO IIPH LaJIbHeMWIeM yBeJIMYeHHM BPCMeCHH KOHTAKTAa JIMCTa C AJOM, WJM yBe- 
JMUCHHM KOHUeCHTPalluu Aa B HEM, B JIMCT€ BHOBb YBeJIMYMBAaeTCA JJIEKTPO- 
MpOBOAHOCTh pu O6sy4eHuM. STH OMBITHI! C HCCOMHEHHOCTHIO MOKa3bIBalOT 
BHAUMTEIbHYIO POJIb ePMeHTOB B Mpollecce qoronpoBoyumoctu JIMcTa Kap- 
TOME A. 

KOHTPOMbHbIe OMbITbI 10 H3MCPCHHMIO SJIEKTPOMPOBOAHOCTH JIMCTbeB B TEM- 
HOBLIX YCJIOBHAX MPH pa3/IMUHbIX TeMMmepaTypax mpeycTaBeHbI Ha puc. 4. 
[la STHUX OMbITOB UCNOMb30BaIMCb MACHCTHIe ucTbA Echeveria, Tak Kak JIMCTbA 
KapTodeia (HeCMOTPA Ha TO, YTO YepeIKH UX HaXOJMJMCb B BOC) BHICHIXAIH, 
A CONpOTHBIeHHe UX yBeTMUMBaNOcb. 3 xofa KPMBOH 8aBNCMMOCTH YJeJIbHOU 
SJICEKTPOMPOBOLHOCTH OT TeMMepaTypbI BUAHO, YTO BHAYaIe HaOMOMaeTCA CpaB- 
HUTCIBHO HEOOJIbIIOe YBCJIMYEHHE SIEKTPOMPOBOMHOCTH Mp NOBbILMCHHH TEM- 
Heparypb! 1o~50°. Jub TOKO Ip JOBOJIbHO BbICOKUX Temnepatypax(60—70°), 
Ipu KOTOPBIX Ge3yCOBHO MpOHCXOAMT yrKe KOary/AWMN KOJWIOMZOB, 
HAOMIONACTCA PC3KOE YBEJIMYCHHE IIEKTPOMPOBOAHOCTH. 

Crelyer OTMeTHTh, UTO CCIM MCT Cpa3sy MOMeCTHTb B TepMOCTAT C TeMMepa- 
rypoi nopazKka 100—120°, ro HaOmofjaeTcA HeEKOTOPbIM MHAYKUMOHHBIM MepHod, 
Jiauuiica 5—6 MHH., mocme KOTOPpOrO MpONCXOLMT POCT 9CKTPOMPOBOAHO- 
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cru. [pu o61y4eHuM 2Ke JIMCTbeEB KHHOJAMNOM B HalMX OMbITax HaOsIOZa 
pe3Koe YBeMUCHHE SCKTPOMpPOBOAHOCTH yxKe B TeueHne NepBbIx 10—I5 
CnelvasbHO MOCTaBJICHHbIe OFBITHI NOKasaIM, YTO 3a BpemMA OOsyueHHA I 
He Harpepaetca BbIINe 25—30°. 

Takum o6pa30M, MOX%KHO CUNTaTb YCTAHOBJICHHbIM, YTO OCHOBHBIM (pa 
pOM, OTBCTCTBEHHLIM 3a YBCJIMYCHHE SJICKTPOMPOBOAHOCTH JIMCTbEB KapTote 
B HallIMX OMbITaX ABJIACTCA CBET B MepBble CeKYHAbI CO JEMCTBUA, YTO HE MO} 
ObITb 3aMe4eHHEIM B ycoBusAX onbiToB JI. T. Arsaosoit (’). | 

CnelyeT AyMaTb, 4TO JalbHeimiee usyyeHne qelicTBua, cBeTa Hu, OCOOeH 
AJOB Ha 9ICKTPOMPOBOLHOCTh JIMCTbEB Pa3sJIMYHBIX PAaCTEHHH MOMKET MpenCcTaB 
He TOJIbKO TeopeTHYeCKHH, HO H MpakTHYeCKHH MHTepec. 


Beaciepkosckuit Tloctynuao | 
C@JIbCKOXOSAHCTBCHHBIM HHCTHTYT 8 V 1958 


IMTHPOBAHHAA JIMTEPATYPA | 

| 

1 JI. Tl. Araosa, Buopusuxa, &, 168 (1958). * B. B. Escturuees, B. 

Tappuaosa, JAH, 103, 97 (1955). *®A. A. KpacnwosceKxunk u ap., TAH)! 

421 (1948); 69, 393 (1949); 73, 1239 (1950); 81, 1105 (1951); 81, 879 (1951); 89, 527 (195¢ 

4B. B. Epcturnuees, B.A.T appuaosa, JAH, 91, 899 (1953); 92, 381 (ig 

95, 841 (1954); 96, 1201 (1954); 98, 1017 (1954); 100, 131 (1955). *°® E. Pa6unosn 
@Motocuutes, 1, rm. XII, 1951; 2, rn. XXVII, WI, 1953. 
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Worsans Akanemun nayr CCCP 
1959. Tom 124, Ni 3 


®H3HOJIOlH A PACTEHHH 


r. A. ONYMAHOBA 


O CBA3H MEXKAY POTOCHHTE30M U SOTONMEPHOAH3MOM 
PACTEHMM 


(I]pedcmaseaeno axademuxom A. JI. Kypcanoseim 24 1X 1958) 


Tloq BauaAHueM OnTHMaJIbHBIX cboromepnoguyecKux ycuOBHii B pacTeHHAx 
MpOUCXOAAT HeOOpaTHMble USMeHeCHHA OOMeHA BellecTB, MPMBOAAIIMe K penpo- 
KYKTHBHOMY pa3BHTHIO. MoTOMepHOAb MpescTaBaloT coGol MuaneKTHYecKoe 
@JMHCTBO CBeTa HM TEMHOTHI B OMpeseeHHBIX HX co¥eTaHuAX. B cBeruple 4acbl 
poronepnoga OcyilecTBAAeTCH BarxKHeliluMH mpomlecc MetaOoumm3mMa pacrenul — 
porocuutes. Pag uccieqoBaHul OOHapyxXHBaloT, YTO B YCOBHAX, HCKIIOUAIO- 
MlMX (POTOCHHTes, (oTONepuomnuecKas peakUMA He MpOXOAUT axe NOX BIMA- 
HH€M OMNTHMAaJIbHbIX COTOMePpHOOB. 

Ilapxep nu Boptsux (°) noka3amu, uTO y pacrenuit con BumoKcn ne oOpa- 
3YETCA IBCTOUHBIX 3a4aTKOB, CCIM OHH BOCIMPHHUMAIOT KOPOTKHH JeHb B arT- 
Mociepe, JIMWICEHHOH yruieKkucJIOoTbl. Xapmep u Yuu (°) nomyunaH anasor“uHple 
[aHHble, padotaa c wuctoM KamaHxo9. B onpirax B. C. Moukosa ('), HauaTbrx 
ame B 1939 r., mucT nepHbI, MOMeNIeCHHbI B aTMocdepy 6e3 yruleKHCJIOTHI, 
OKa3aJICA HECMOCOOHBIM pearMpoBaTb Ha OMNTHMAJIbHbIM (hoToMmepHoyuuecKuh 
pexuM. Analu3upya sIMTepaTypHbIi mMaTepuan, M. X. Ualinaxan (?) npn- 
XOJMT K BbIBOLY O (POTOCHHTeTHYCCKOM XapakTepe peakUMi cboTonepnozusma. 

Bce mepeunceHubie (bakTbl OTHOCATCH K KOPOTKOJHCBHbIM pacTeHHAM; 
MOJOOHLIX CBeJeCHHH, KaCalOWlMXCH pacTeHul JJIMHHOTO JHA, B JMTepaType 
He MMeeTCH. 

B wenax BbISCHeHHA pOmM (choTOCHHTe3a B Mpomeccax penmpOLyYKUHH MbI 
mpopesu u3ydenue coTronepHosuyecKOH peakUMH pacTeHH B YCJIOBMAX OTCYyT- 
CTBMA (oTOcHHTe3a. OObeKTaMH HalIMX OIbITOB Obl KaK KOPOTKOJHEBHEIe, 
TaK M JWIMHHOHeBHBIe pacTreHud. Oxouio Mecslla pacTeHua aOMCCHHCKOM Ka- 
myctbt (Brassica crenata) BbIpaljuBaltucb Ha 14—15-yacoBoM He, a pacTeHua 
mepusibt MacmtuuHon (Perilla ocymoides) —npuH HemlpepbIBHOM ocBeleHHH 
JHOMHHECIeHTHBIMA Tpy6Kamu JIC. B sTHx ycnoBHAX OHH OOpa3yIOT MbILLHY1O 
BereTaTHBHY!O Maccy, HO B CHJIy HeOmarOnpHATHOH AIA Ppa3BUTHA WIMHbI DHA 
He MOryT MepeHTH K IBeTeHHIO. 

Jia onbita oTOupasuch OMMHAKOBO pa3BUTHIe JK3EMIVIAPbI HM MOABEprasMCb 
cienyroulel onepaiuu. PacTeHusd nepHJbl WeKaNMTHPOBaMCb, 3aTeM Ha HUX 
YaslAuCb BCe JIMCTbA WM BCe TOUKH pocTa, KpoMe OHOrO JMCTAa (4-ro apyca) 
M J[ByX 3auaTOUHbIX Ma3ylHbIx moderos (2-ro spyca). Y pacTeHuH aOuccu H- 
CKO KarlycTbl coxpanaca 1 smuct (7-H wim 8-1) M BepxywieyHan TOUKa pocTa. 

OnbiTHble pacTeHuaA MOMellaIMCb B CBeTOBbIC yCTaHOBKH U3 3€PKaJIbHbIXx 
jlaMn HakastuBauua 500 Bt c BOAAHbIM CbuIETpoM. MoulHocTb sy4ucToro moToKa, 
alaBuiad Ha MOBePXHOCTh JMCTbEB MepHbI, bila OKOG 250 BT/M’, B cayuae 
aOMCCHHCKOM KatlycTbl OHa cocTaBuaa oKoO 100 Br/M?. 

JlaA KaxKOM KYJIbTYPbI MbI MMe Ba Bapuauta: | BapwanT — JIMCT MOZ- 
Bepraerca Bo3selicTBuIO (poTOMepHOANYeCKHX YCJIOBHH B aTmociepe, JIHIUeH- 
Hol CO,; II sapnant — uct nomyyaeT coTonepHognyecKne yCOBUA B at- 
Mochepe JiaSopaTopuu, cojepxKaller 0,927—1,425 mr/a COz. 
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SJincrba pacrenuad | BapwaHTa 3akiouanuch B CriellMasbHbIC ae 
TOHKOrO cTeKsla, Yepe3 KOTOPble B TeueHue BCero OLbITa MpPOTATUBAICA ! 
M OT YyIvI€KMCJIOTHI. 3 ; 

Pe ierabeetanen B KaMepy C MOMOUIbIO paspesaHHOH PeSHHOBOH MPO 
WM Ca/lbHUKa U3 BaTbl, MPOMUTAHHOM 3aMa3KOH M3 CMeCH BOCKa C BaseuiMy 
ro oGecneunBaslo aOCOsIOTHYIO TepMeTHYHOCTh KaMepbl, HeOOXOJMMyIO B | 
WuX onbitax. BoskyxX, JMWeHHbIM yrvieKMCJIOTHI, MOcTyad B pet U6 
yeTbIpe OTPOCTKa, PacCMOlOXKeHHbIX B 3OHE OCHOBAHUA JIMCTA. 110CTOAH 
W paBHOMepHbIii TOK BO3LYXa OCYILeCTBAACA ONaroqapA HEMPepbIBHOM pa 
BOJocTpylHoro Hacoca, NOscoOeAMHEHHOrO K KaMepaM Yepes pie 
HyIO JByxroplyio cKAaHKy Bysba. OuncrKa Bosfyxa OT YIvI€KUCul 


Puc. 1. Cxema mpu6opa Ana ouncTKH Bosfyxa ot COz u ero coeMHeHHA Cc Ka- 

mepoli quia Mecta. /—sBogoctpylinblii Hacoc, 2 — mpeAoxpaHHTeNbuan AByroplad 

ckaauka Byabda, 3 — Kamepa Aaa sucta, 4—cKJAHKa THUleHKO C OapHTom, 

5 — KONOHKH C HaTpOHHOM 3BecTbIO. CTpeIKH yKa3bIBaloT HallpaBseHHe 
TOKa BO3sAyxa 


ra3a MpOMsBOfulacb B TpeX KOJOHKaX C TYOYCOM, HaMOJIHCHHbIX HaTPOHE 
u3BecTbio. JAX KOHTPOJA 3a MOJHOTOH ouNCTKH Bosqyxa oT CO, MbI BBE 
cnellvasibHoe npucnocobleHne. OHO 3akIOUaIOCb B CylezylouleM. Bosyyx ney 
nomaueii B KaMePpbl MpOXOAN Yepes CKJAHKY THUleHKO, Kya HaluBase 
HeKoTopoe KosnuectTBo 1/40 N Oaputa, orrutposanuHoro 1/40 N comaHo Kue. 
TOH NOUTH NO TOUKH epexosa denoudTaltenHa. Tako pacTBop ume Gey 
posoBbii weer. [Ip crosHuM Ha BOSyxe OH OOeclIBeUnBaJICA B TeveHne | —3 mi 
IIpu mpocacbiBannu OOblMHOrO BO3syxa Yepes pPacTBOp OGeclBeuMBaHue 1 
UCXO{MJIO NOYTH MrHOBeHHO. IIpu TOKe BOsAyxXa Yepe3 STOT PaCTBOP B YCJIOBY 
onbita ero MOCTOAHHaA OWIeqHO-po3soBad OKpacKa ToBopusia 06 aGcoutoTE 
OTCYTCTBHU YIvIeKUCOrO rasa B BO3AYXe, MPoweswieM yepes OUNCTUTEJIbE 
KOJIOHKH. Cxemy OMMCaHHOrO MOHTa%Ka MOXKHO BUETb Ha puc. |. 

Pacrenua Il Bapuauta, nonyyaBmiue OObMHEI Ma6opaTOpHbIi BOsLyX, ¢. 
KWH KOHTpOJem K | BapHaHTy. 

Temnepatypa JIMCTbeB, H3MepsAeMaA B TeYeHHE OMbITAa C MOMOMIbIO NO, 
MIPpOBOAHMKOBOrO MHKPOTePMOMETPa COMPOTHBJICHHA, MaJIO OTUIMUAaACh OT T 
nepaTypbl OKpyxKaroulero BO3fyxa Hu ocTurana 19,8—21°. 

O6a BapuaHTa MacimuHOH nepusb c 10 XII 1955 r. comepranuch B ye, 
BAAX KOpoTKorO 8-yacoBoro AHA. Doromepuosuyeckoe BoszelicrBue Mmpoy 
*KaJlOCh WBe Henemu. C 24 XII Bee pacrenusn Spi nepeBeyeHb! Ha HeIIpepbIB 
OCBeICHHE MpexKHel MOUHOCTH B Tex 2Ke ycTaHoBKax. JlucTbs, ocBoboxKA 
HbI€ H3 KaMep, Tellepb HaXOMMJIMCbh B aTMOciepe OGbUHOTO Bosqyxa. 3a pac 
HHUAMH B TeveHHe BCeroO OMbITa MPOBOMNINCh cbeHOmoruuecKue HaGvIOReH 
Bee JIMCTOUKH, NOABIABINMeCA Ha NaSYWIHbIX MoGOerax, TULaTebHO yal av 
Tak KaK OHM MOIIM HapylWIMTb xox dboronepno_uyeckon peaKunn. 

2 1 1956 r. nosxBusaucb 3auaTKH colBeTuii y 9k3semiiJiapos I] Bapuan 
Jepes MOMMecAa STH PaCTeHHA 3allBelu. Pacrenus I Bapuavta, MUCTbA KO 
Poro Nomy4asid KOPOTKHH JeHb B aTMOCHepe Ges yrieKUCAOTHI, 110 MIpOuwecr! 
2—3 Mec. OcTaBaJINCb BereTaTHBHBIMH. 

OTOT BU3YAaIbHbIi pesyabTaT Obit NOATBEPReCH MUKPOCKOMMYeCKHM a 


JIM30M TOueK pocta (puc. 2). Touku pocra I Bapwanta Oblin BereTaTHBHBM 
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acrenus 1] Bapwanta uMenM pempoxyKTUBHble TOUKH pocta, B ma3yXax 3aua- 
OYHBIX JIMCTOUKOB pacnOsarasiucb 3a4aTKH OTeIbHbIX ILBeTKOB. 

Jia BBeeHUA JIMcTa B KaMepy ero YepelMOK MIOTHO OOepTbIBaeTCA CaJb- 
HKOM. 

J\1t BbICHeHHA BOMpoca O TOM, He OKa3bIBaer JIM MO,OGHas npoueaypa 
WIMAHMM Ha Mepesauy choromepwoguueckoro crumMyma oT sucTa K TOUKaM 
ocTa Ma3yUIHbIX nmoOeroB, MbI repMeTHYHO OGepHYIM CaJIbHHKOM 4depelKH 
ECKOJIBKUX KOHTPOJIbHBIX pacTeHuit (BapuaHT II). Oxas3anocb, uTo tTakoe 
pO3eHuCTBUe He OOKUpyer nepexaun coTonepnoguyecKkoH peakUMu OT suCTAa 
) TOUKAM PocTa, TaK Kak IBeCTCHHE y 9K3eMIJIAPOB CO CBOOORHBIM YepellIKOM 
» Y pacTeHuit c uepellkOM, O6epHyTbIM CamMbHUKOM, ObIIO OAHOBPeMCHHBIM. 
)AHAKO B TeYeHHe OMbITa CTaO OYeBHAHBIM, UTO OOepTHIBAHHe YepelIKa MpHu- 
OMMT K TOJIHOMy IIpeKpallleHuio ero po- 
Tas funy. B To BpemMa Kak cBooor- 
‘ble YEPeLIKH 3a [Be HeJeH ONbITa yBe- 
wuwIM cBOIO AIMHy oT 3,5—4 no 5,5— 

CM, OOepHyTble uepeliku coxpaHMun 
30H MepBOHAaaJIbHble pa3sMepbl (OKO- 
0 3,5 cm). 

IlepexoquM kK onmuMcaHH1O0) OnbITOB Cc 
OuccuucKkoH xKanyctoH. C 10 I 1956 r. 
da BapHaHta aOuCCHHCKOH KanycTol Opin 
OCTaBJICHbI Ha HEMPepbIBHOe OCcBeILeHue, 
oTOpoe MposomxKaocb B TeueHue 10 cy- 
1K. 19 | Bce pacrenua OblWIM ONATD NO- Puc. 2. Anatomuyeckuit ananu3s ToueK 
emeHb! Ha 14-uacoBoli WeHb MO wOMMHe- Pocta y_ pacrennit I nu Il Bapnautos 
eHTHbIM cBeT B aTMocdepy sla6oparop- 

oro Bosfyxa. Bce BHOBb OOpa3ytlollnecH JIMCTOUKM Ha BepTyUIe4YHOM m0- 
ere yJaiamucb m0 focrmxKeHun 0,25—0,5 cm’. Ha6moyzeHne 3a pasBuTnem 
IBITHBIX paCTeHHH MoKa3as0 cegyioulee. 22 | y pacrenuti I] Bapuauta, nowy- 
aBUIMX HeMpepbIBHOe OCBeLeHHve B YCJIOBHAX OOBIMHOrO BOsLyXa, NMOABHINCb 
yTOHbI, a uepes 11—12 Hel OHH 3auBemH. OK3emiIapbl | BapuaHta, sMCTHA 
OTOpOorO B MepHOs HeMpepbIBHOTO OCBeMCHHA JMWAINCb YIVIeKHCJIOTHI, uepes 
—3 mec. Bce elle OCTaBaJINCb BereTaTHBHbIMH. 

Pe3ybTaTbl OMbITOB C MepHsIOH uw C aOMCCHHCKOM KallycTOH CoO Bcel oue- 
HJLHOCTbIO TOBOPAT O TOM, YTO U3bATHE M3 ATMOCHePHI yrekucsOroO rasa JH- 
Ia€T JIMCT BOSMOXKHOCTH BOCIPHHHMAaTb ONTHMAJIbHbIC WIA PpasBUTHA yCJOBHA 
cpeuleHua. B utore Takwve pacTeHHA OCTaIOTCA BereTaTHBHbIMH, TOra Kak 
OHTPOJIbHbIe PaCTeHHA, MOJIb30BaBLINeCA OOBIYHBIM BO3,YXOM, OyTOHH3H- 
yiOoT M WBeETYT B HOPMAJIbHbIeC CPOKH. i 

Kak noxaspipator padotst B. A. Uecnoxosa u A. M. Crenanosoii (*), yrae- 
ucOTa, MOCTyMalollad vepes JIMCT, ABJIAeTCH OCHOBHbIM HCTOUHHKOM yruie- 
oMHOrO muTaHua pactenuit. [lomeulai uct B TOK BO3AyxXa, CBOOOZHOrO OT 
rilekuculoro fa3a, MbI ucKouaem cpotocuuTes. Ilo yKkasaHnam TaOpuestcon (*), 

TOHKUX JIMCTbeB B 9THX YCJIOBHAX HE MNPOMCXOAMNT PeacCHMHJIAWMH yruie- 
ACMOTHI IbIXAHUA, H HAKaKOrO (pOTOCHHTe3a OOHAPYAKUTb HE yaeTcs. 

TloryueHHple HaMH aHHble MOSBOJIAIOT CyeaTb CeMyIOULHe BbIBOLI: 

1. JIuct, nomeujenuplli B aTmocdepy Oe3 yruekucmoro Ta3a, mepectaer 
CMPHHUMATH ONTHMAJIbHbIC AIA PasBHTHA YCJIOBHA OCBEHICHHA, B Pe€3yJIb- 
wre yero pacTeHne He MOxKeT MepelTH K pempOMyKilMM M OCTaeTCH BereTaTHB- 
IM. 

"9. Jia HOpMaJIbHOoro TeveHHA (poronepHnoguueckon peakuMu HeoOxoyuMo, 
‘OObI B MuCTe, MOmyuarolleM choTOMepHOAMYeCKHH HMMIMYJIbC, OHOBPeMeHHO 
JOUCKXOMM HM Mporecc corocuHTesa. : 

3. JlanHoe yTBep»xKeHHe CIpaBeLIMBO KaK JWIA KOPOTKOMHCBHBIX pacTeHHH, 
IK UW Jin pacTeHuH AIMHHOrO Hs. ’ : 

4. [IpupeyeHHble MaTepvaJibl TOBOPAT O TCCHOH CBASH cporonepHoszuyeckon 
‘AKILMH C (pOoTOCHHTe30M: 6e3 (porocuHTesa HeT Ppa3sBHTHA. Myv3nou0rnyveckne 
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TIPOWeCChl, MPOMCXOLALIMe B JIMCTe NOX BIMAHHEM OMNTHMAJIbHbIX POTONGp 
TMueCKUX YCJIOBMH, HauHHaIOTCA C aCCHMHJIAWMM yruiepoya HU JIMINb M03 
HaXOJAT CBOe MOpdomoruyeckoe BbIPaxKeHHe B OOPas0BaHHH PelpOLYKTHH 
OpraHos. 

B gaKsioueHve MHe xoyeTcH noOmarofapuTb mpodeccopa B. C. Mori 
3a eFO WCHHbIe COBETHI H MOCTOAHHOe BHUMAHHe K H3JIOXKEHHOM BbILIe padi 
ABNAIOULEHCA PasBHTHeEM ero MpexKHUX UCCeLOBaHHH. 


Bececoro3Hblii HHCTHTYT Tloctynum 
3alllHTbI pacTeHHlit 13 IX 1957 
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Horuane Akagemuu nayx CCCP 
1959. Tom 124, Ne 3 


PHSHOJIOL HA PACTEHHH 
C. HW. MALIKAPb 


AWHAMHKA NOJIMNPEHOJIOB B MPOLWECCE 3A)KMBJIEHHA 
NOPAHEHHH Y KAPTO*EJIS 


(ITpedcmaeaeno axademuxom A. JI. Kypcanoeoim 24 1X 1958) 


@u3nomoro-OuoxuMuuecKHe MpeBpallleHHA, MpoTeKalollve upH paHenun 
WM 3aKUBJICHHM MOBEPXHOCTH Cpe3a y KapTodela, NOABeprasucbh H3yYeHHIO PAOM 
uccyieqopatenen. IIpu paneHwn KiyOHA KapTodea ObWiu OTMeYeHbI aKTHBAaLUA 
mpouecca Abixanua (*, ®, ™), cuHTe3s GemKa 3a cueT HeOeIKOBLIX COeqMHeHUE 
(?, °), o6pasopanne Caxapos 3a cueT paciiayla KpaxMasia (*), OnocuHTes acKop- 
O6uHOBOK KuCOTHI (°, 7), 3aMeTHaH HHTCHCH@UKAaWMA AKTHBHOCTH OKUCAUTeNb- 
HbIX (pemenTos (°, °, **), npeBpalleHHe AHMOHHOM KUCJOTHI B AGTOUHYIO (9, 2°). 
YcTaHoBeHO TakxKe, TO B Mpolecce 3ax%KMBICHHA MOBepxHOCTH pa3pe3a 
KJyOHeH KapToesA MpOHCXOANT ONOCHHTES PMKOaKaONa ComaHuHa (1, *), 
HOBOOOpa3s0BaHHe pHOodiaBuHa (1), ayKcuHoB (14, 7°) *. 

B cBa3H C (aKTOM yCHJICHHA HHTCHCHBHOCTH AbIXaHHA H MOBbILeCHHA AKTHB- 
HOCTH OKHCJIMTCJIbHbIX (eEPMCHTOB MpH pereHepallun MpelcTaBAIO uHTepec 
M3yUeHHe JHHAMHKH NONMPeHOMbHBIX COeAHHEHHH, MPHHAMAaIOUIMX yuacTue 
B  OKUHCJIMTCJIbHO-BOCCTAHOBHTeCJIbHBIX peBpallleHHaAX y pacTeHul. Emme 
B. UH. Ilannagun (°), usyuaad BaMAHUe NOpaHeHHH Ha JbIXaHue PacTeHuH, B 
TOM 4NCIe HU KapTOdeA, OTMeTHJ, YTO BMeCTe C HHTeCHCHUKAaMMeH [bIxXaTeJIb- 
HOrO mpollecca mpoucxoqMT HakonseHue «xpomoreHoB». A. Cent-J>KopaKu 
a K. Butopuu (1°) cuntTau, YTO IpH NopaHeHuH KIYOHA KapToeA B AbIXaTeJb- 
HbIi mpoiecc BKOUaAeTCA CHCTeMa NOMHdeHOMasa — NOJMPEHOVIbI, CYLLECTBYI0- 
(ai CMeMMabHO JIA 3all[HTbI OT M€XaHHYeCKOFO NOBpexKAeCHHA WH MuKpoopra- 
Hu3MoB. BnocyienctBun JK. Tlomutuc (7°) KOHCTaTHPpOBaJI HHTeHCHBHOe OOpa- 
30BaHHe XJIOPOreHOBOH KHCJOTbI Mp eCTeCTBEHHOM NpOOKOOOpasoBaHHH y 
KapTodeia, a TakxKe Np 3axkuBaHuu paH. I. JbKoucon u JI. Maan (*') orme- 
THM OOpas0BaHHe XJIOPOreHOBOM. KUCJIOTHI! B JIOMTHKaX KJIyOHA KaptTodeis 
TommMHOH 3 mM yepes 3—6 Hel Mocne UX Hapesanua. Onpeseian oOulee co- 
epxkaHue (beHOMbHBIX COeAMHEHHH KOJIOPHMCTPHYECKHM METOJOM, STH AaBTOPbI 
OOHaPyXHJIM MOCTeNMeHHOe YBeMMYeCHHE KOJIMYCCTBa (PCHOJIbHBIX BEILECTB, OKPa- 
WIMBalOllHXCH peakTHBOM WovuHa — Jlenuca, B Npolecce 3ax%KNBJeHHA 
3-MHJIJIMMETPOBbIX JIOMTHKOB KJ1yOHeH. ; 

TIpopeyenupie Hamu B 1956—1957 rr. ucceqoBaHuA NpeBpallleHHn NOwJu- 
peHoNOB KapTobea B mpotecce perenepallun KMyOHel HM POCTKOB BCKPbiJIi 
HEKOTOPbIe HOBbIe (pakKTHI, H3J10XKCHHIO KOTOPHIX MOCBALLeHa HaCTOAIMLan CTAaTbA. 

Kay6uu Kaptodeis coptos Bane, Bonprman, Tpenumapk, Kapuea (yepes 
2—4 mec. mocne y6opKH) OUNMMaIHCb OT KOKYPbl HW PaspesaJINCb Ha YeTBep- 
ryKM, KOTOPbIe MOMEILaIMCb B KIOBETHI C yBJIaxKHeHHOH aTMocepou HU BbIAep- 
KUBAJIUCh B TeMHOTe pH Temmepatype 18—20°. Uepes 1, 3, 6, ll u 16 Heh 
3 aHaiu3 Opaslach pereHepupytollad MOBePXHOCTb KWIYOHA TOJI[HHOH OKOJIO 
1,5 mm (nlogqKoxypHaa O61acTb B aHasM3 He Opasacb). B psqe clyuaes B ahasu3 


o 


JOCTYNasM pasyembHO | pereHepupylollad 30Ha TOMULMHOH OKOVIO 0,5 MM, BKJIIO- 


* VWnrepecubie cooOpaxkeHHA B CBA3H C ABJCHHEM pereHepallui y KapTocbeIA CM. Take B 


ya6oTax (16°18), 
15* 745 


yalollad HOBOOOpas0BaHHbIli MpoOKOBbI CMOH, U I] perenepupyroulan 3 | 

romuuHolt oKoIO | MM, BKuqlOUaIOUad MapeHXHMHyl0 TKaHb C TIpOOKoB: 

xamOuem (cm. (2). lapasmenbHo Opamach B aHaIM3 MAKOTb Ile/bIX HEIOBp 

JeHHBIX KiyOuei. KonnuectBo (eHOJIbHBIX BeLIeCTB OMpeteAOCh THTPOBa 

eM MepMaHranaTOM KaJIMA B MpHCyTCTBHH MHAWrOKapMMHa MO MCTOAMKE A. 

Kypcanosa (°*). PesyapraTbl aasv30B IMPHBeeHbI B TAOS Ve ac 
ao J 


@MeHOJIbHbIe BEULECTBA (B MHJJIMNPPpaMM-MIpoWenTax Ha cbiIpol Bec) 


4 peub 3 WeHb 6 7eHb 14 nenb 16 men 
BapuautT : 
B.-p. u.-p.| B.-p. |Ul.-p.| B.-p. |UL.-p-| B.-p. | Ul.-p. pp. | ake 
Copr BowTMan 
Pereneprpyloulaxt NoBepx- 
aes a: - 47,19) 0,0 || 25,5. 125,,6) 38,6 \63,.4)049) 0 52s des 
Maxortp yembrx Kny6neli| 16,24, 0,0 | 16,24) 0,0) 16,79) 0,0) 18,52) 0,0 | — 
Copr Kapuea 
Perenepupyloulas MoBepx- 
HOCTb 44,24) 0,0 22,5 |134,3] 38,5 |85,0} 68,0 |183,0 | — 
MaxoTb weubix Kay6uer | 12,15) 0,0 42.15] 0,0).12,7-| 0,0) 14,64) 050); == 
Copt Baae 
PereHepupyrolaa moBepx- 
HOCTb 
I cao “= — | 16,8 /23,3) — | — | 33,3. |138,6 \14,8)tag 
II canon 25,0 | 10,0 |19,9) 13,) 
MaxkotTb wembix Kmy6neH | — — | 13,4] 0,0) — | — } 15,6) 0,0 |42,5) 3 
Copr Dpenumapk 
Perenepupylollas moBepx- 
HOCTb 
I cron — — | 34,5 |38,2) — | — | 38,6 |146,4 |67,2/168, 
II enor 22,5) 44639129): 5 eee 
MakotTb wesistx Kay6ue — le On iO sO ee a eae et 0,0. |23;, 0) So; 


I PHMEC€YANHE. B.-p. — BOAHOPACTBOPHMbIe Hi Ul.-p. — le 1OUHOPaCTBOPUMBIe. 


Ta6auna 2 
ge 3 
oe g | Dayopecuenyun B y.-d. myuax 
oo >w 
uO eee 
oR | Qn Oxkpacka c | Okpacka c peaKkTHB 
2 ORR ee 2KETE30M Tenduepa 
Qa me: 
nS iy 10 €e3 o6pa6orKH ¢ NapaMH aMMHaka 
a Wo 0 
Of wore 
X JloporeHopaa 0,59 |Ponyéas ”KeuroBato-sereHad |3enenaa |Bypopataa 
kKucJloTa 
Kogelinan Kuc- 0,79 Posy6osato- |Fo1y6osato-puone- |Temuo-3e-|Po30nan 
OTA . (pHouleto- TOBAasI weHan 
Bail 
y * [es . 
TlatHo a Oars) Tony6en PKeutopato-3esleHan |SeneHaa Bypax 
Us 6* ).65 T 
IstTHo 6 0,62  |®uoneroso- Puoseroso-rosy6at |Senenan |Kento-3enenosat 
roiyOan ¢ Mepexogom B 
OypoBaT yo 
= Cys pucea 4x 
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Ilo Mepe 3axkuBJeHus noBepxHocTH cpesa KyOHA Kaptodeia B pereHepu- 
pOBAHHDIX TKAHAX NPOHCXOAMT NMOCTeneHHOe HakOMJIeHHe PEHOJbHBIX COeIU- 
jenui. Ilpu stom oco6enHo m060NbITHBIM HaM KaxKeTCA (PakT NOABJICHHA BO 
|HOBb OOPasOBaHHBIX TKAHAX MPOOKOBOrO cyIOA 1L.eIOUHOPaCTBOPHMBIX (peHOJIOB, 


| 
‘uc. 1. Xpomatorpammsl BbITAxKeK 43 WenbIX u 
eTeHEPUPyIOWMX KTyOHeH uM pocTKoB KapTopesa 
pxema). IloapwxKubili pacrBoputens: n-OyTaHO — 
|KCyCHad kucoTa — Boga (dS : 1:2). 1 — maxorp 
}@IBIX KJyOHeH, 2— KomKypa WembIx KmyOueH, 3— 
-€reHepHpyrlollat MOBepXHOCTbh MOpaHeHHBIX Ksy6- 
eH, I cmol, uepes 5 Heli nocae pa3pe3anua, 
-— pereHepHpyloljad MOBepXHOCTh mopaHeHHbIx 
myOxeii, Icnoli, yepes 20 quel nocne paspe- 
aHua, 5— perenepHpyiollax noBepxHocrb mopa- 
CHHBIX KyOHeli, I] col, uepe3 5 Heli nocne 
a3pe3aHu, 6—pocrTkH KapTodes AMHOlt 3— 5 cm 
— perenepHpytoulad MOBepXHOCTh mopaHeHHEIx 
PpocTKoB uepes 9 AHeH nMocme panenna 


OBCPIICHHO OTCYTCTBYIOIIMX B MAKOTH WeOrO KJIYOHA MH CBOHCTBEHHBIX JIMILIb 
coOmKype HOPMaJbHOrO KIyOHA*. 

JW BbIACHeHHA TOFO, 3a CueT KaKHX KOMMOHEHTOB NOJIMPCHObHbIX Be- 
GecTB MPOMCXOJHT HakOMeHHe MX B pereHepHpyIOlulux TKAaHAX, OblwIM Npo- 
BeJeHbl HCCJIEROBaHHA MeTOOM XpomaTorpaduu Ha Oymare. [lomn- 
MO KJIyOHeH B 9THX OMbirax ucceqOBaMCb TakxKe PpoOcTKM Kap- 
Todeix, HHO 3—5 cm, nopaHeHHble 6e3 orfemeHHA UX OT MaTe- 
PHHCKOrO KJYOHA MyTeM Hape3a BAONb C yameHHem +/, uacTH 
pocrKa. 

OnucaHve xoja paOorbl np xpomMatorpaduyeckoM aHainse NpH- 
BefleHO Hamu pauee (?°). B HacToslemM uccieqoBaHun Hapsly Cc 
aIleTOHOM IPH IKCTPaKUHH MOMHPCHOJIOB HCNOJb3OBaJICA TAK2KE ITH- 
JOBLIM cuupT 96°. KonleHTpallua BbITsKeK: 2 MJI pacTBOpUuTeIs 
Ha lr cbipow pactuTenmbHOH TKaHuM. Ja mpoxBMeHHA XPOMAaTO- 
rpaMM mpHMeHsAJIca peaKTuB Tenduepa (1% pacrBop HuTpuTa HaT- 
pua Bp 10% yxcycHow xkucnore). PesyibTaTbl mpuBexeHbl 
B TaOl. 2 wu Hapuce. | xu 2. 

Ha xpomatTorpaMMax BBITS2KeK M3 pereHepupyIOMlero COA MAKOTH 
KlyOHel am pocTKOB KapTodeia OOHapy2KUBaeTCA TPH  ABHIX 
MATHA mMOMMdeHObHOTO XapaKTepa: 4Ba B paloHe Xvlopore- 
HOBO KHCJIOTEI H OHO B MecTe KOeliHol KucoTbI. Ha xpomato- 
rpaMMax BpiraxKeK u3 II perenepupylollero ciox oOOHapy2KeHO 
JIMUIb MATHO XJIOPOreHOBOH KUHCJIOTHI. 

VinrepecHo, TO Mp B3ATHM B aHaM3s JByX perce DUD 
IIMX CJIOCB C TOHKHX, 3-MHJIJIMMeETPOBbIX JIOMTHKOB KJIYOHeH 
oTMeyaeTCH Ta Ke 3aKOHOMEPHOCTh HaKOMJeHHA NoJMeHOuOB, 
YTO WH IPH 3axKHBJICHHH NOJIOBHHOK HW YeTBepTyeK KJIyOHeH. 


y 
Puc. 2. Xpomatrorpamma BbiTaxKKH v3 I pereHepHpylollero COA Rate e 
KapTotbena, vepe3 25 quel Nocme paspesaHhs. CamomposByenHe CO cwlex 
*Kee3a OyMarH 


4 


ra6. 2) natno c Ry 0,55 crTouT O1M3KO K 


To cpeyenmio B y.-p. ayuax ( Dy Cae maeote 


Ul ATHO C 
<JOPOreHOBOH KUCOTe, B TO BpeMsA Kak ra 


@ UeINKOM, 63 pa3qeeHHA ero Ha KO*KyPy HM MAKOTH, 


24) __ y3- aB- 

peuectsB (*4) —- H3-3a Toy 

M BOPHMbIX (PCHOJIbHBIX A 
*MKURAeCTCA UWlewOUHOpact Ix Ps: 

oa 5 eae MAKOTH Haq KoxwypolH. Kak nmoka3saiM Hallln Aan Re HES soars 

cna, ea B3ATAH OTMCIbHO, OTMHYAeTCH 3aMeTHBIM COfep%KaHHeM Uk p 

[OBaHHA, KOZ F 


-9 oli Bec). 
yumbIX penonon (40 — 80 mr % Ha cbIp ) 


* T[pu B3ATHM B aHaM3 KJIyOH 


AG 


K KopeliHoi KucnoTe. Topopa oO BO3MOX%KHOH MpHpome YKa3aHHbIlx TATEH F 
HeEOOXOJMMO OTMETHTD, 4TO B TlocweqHee BpeMA B JMTepaType Bce wallle BCTpPe+ 
yaloTcA yKa3aHHaA Ha HaslMune B pacTeHHAX HapsAMy C XJIOPOreHOBOH KUC+} 
OTOH pa3IM4HBIX H3OMepoB H opM ee (a30x10poreHoBand KucOTa, He} 
XJOpOreHoBaA KHCOTA, MCeBOXMOporeHoBaA KucoTa) ( )i 

B wacTosuleM vCCieqOBaHHH BayKHO OTMCTHTb, 4YTO BO BHOBb o6pa30BaH- 
HOH MPH 3aKUBJICHHH PaH TKaHH NOABJIAeTCA KoenHaxt KACJIOTA, OOBIHHCH 
He CBOHCTBEHHad HH HOPMaJIbHOM HeMOBpexCHHOH MAKOTH Ky6HeH, HH HOp 
MaJIbHO Pa3BMBaIOU[MMCA pPOcTKaM KapTo(evis. | 

TIpu arom oOpataer Ha ceOa BHUMaHHe TOT (akT, 4TO YEM 6oubiue Her 
MPOXOJMT C MOMeHTa paHeHHA, T. €. YeM Oosee MOJHO MPOXOAMT MpOUecc 3axKUBy 
JICHUA HU OPOpMIeHHA HOBO pereHepHPYIONLeH «KOXKYPbm, TEM CHJIbHee BbIPa- 
7KeHO HakomseHne B Heli KOpeliHol KucTOTH. Mopdosiornyeckoe «BOCCTaHOBJIeq 
HMe> YTPaveHHOH KOMKYPbI COMPOBOXKMaeTCA «BOCCTAHOBJICHHEM» COepKaHHAAy 
YTPauyeHHbIX MOJMeCHOVIOB. | 

PacnpeqeeHne xoporeHoBoH Hu KOtpeHHoH KMCIOT MO pereHepup rola i 
CJIOAM TOBOPHT O IIPHyPOU“eCHHOCTH XJIOPOTeHOBOM KHCJOTHI K 30HE KJICTOUHBIX| 
ylenenuit (bemmoren), a KoeHHOM KMCJIOTLI K HaPy2KHOMY 3all[MTHOMY CJIOW.| 
[lonyueHuble JaHHble CBUETeIbCTBYIOT, MO-BUAMMOMY, O 3all[HTHOM XapakTep 
NOABICHUA KOeliHOH KUCOTHI B TKAHAX M MpPOJMBaIOT CBeT Ha pa3siuune Pu-| 
3HOMOPMYeCKUX (PyHKWMi XTOpOreHoBOli u KoeiHOH KucMOT B KapTodpeute (7°,°°),| 


Tloctynua10 
11 III 1958 
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Joxrnayge Akaygemun nayr CCCP 
1959. Tom 124, Ni 3 


PHSHOJIOTH A 


A. M. AJIEKCAHSH u Lf. A. HACJIEOB 


O WIEPEXOJE BOSBY)KJEHHA C HEPBA HA MbIWWLY 
(ITpedcmaeneno axademuxom J]. A. Op6eau 7 X 1958) 


Hiccneqopanua B OONaCTH JBUraTeMbHOTO almapatTa 3a mocwleqHHe ropbl 
A1a4UHTeIbHO MpPOABUHYyJIMCh Biepex OularofapaA BHeAPeHHIO HOBbIX MeTONOB, 
de KOTOPbIX OCOO0e MECTO MPHHaVIeKUT ZICKTPOHHOM TeXHHKe, HW B UacT- 
OCTH TEXHHKE MUKPOIIEKTPOMHOTO USYYCHHA OTACbHbIX CTPYKTYPHEIX CAMHHIL 
2PBHOM HWJIM MbILMeYHOM TKaHH. 

B 9THX HCCMeOBAHHAX, ECTeCTBEHHO, OOJIbIOe BHHMaHHe OBO yemeHO 
1KKE Y3JIOBOMy BOMpOcy HePBHO-MbIeyHOH du3snosorMH —BOMpocy oO Me- 
aHH3Me repeyqaun BoOsOyxKTeHHA C HepBa Ha MbIUIy. B cBa3u C STHM ODIO 
aIACHECHO 3HAYeHHe HU POJb KOHILCBOH MIaCTHHKH B JeATeIbHOCTH HePBHO-MBbI- 
euHoro annapata ((',”) u gp.). 

XOPOO H3BeCTHO, YTO TPH ABHXKCHHH BOJHI BOZOYAKMeCHHA MO Len HepB— 
OHIWeBad MlacTHHKa —MbIillla HaMOOJIbilad 3aqepxKa BO3sOyKeHHA Mponc- 
IWMT B KOHWeBOH MmacTHHKe. Bmecte c TeM M3BeCTHO, YTO MPH JVIMTebHOM 
eMPAMOM pa3jipaxKeHHM MbBILINbI NOCeHAA MepecTaeT COKpalllaTbcA, B Mep- 
yiO o4epeyb, B CHJIY U3MCHEHHA (PYHKIUMOHAIbHbIX CBOMCTB KOHIeBOH Muac- 
4HKU. B CBA3H C 9THM BO3HHK BONPOC, H3MeHACTCA JH BPeMA Nepesay BOs- 
YKeCHHA C HepBa Ha MbBILUMy BO BpeMA yTOMJIeHHA. 

[locte pa6or Bepuuiteitua (°), Busepa (*) au ®ystoua (°) B PusHoMOrHN yTBep- 
ANOCb MHCHHe, 4TO pH YTOMJICHHH HEPBHO-MbIWeYHOrO Mpenapata mpouc- 
OMMT 3HadMTeIbHOe YBEINYeHHe 3afepKKU BO3OyKACHHA B KOHUEBON MacTHH- 
e. Tak, 0O JaHHbIM Bu3epa, Mo_TBepxKJeHHbIM no3qHee @MyJITOHOM, ecJIH 


DeMA 3alep>KKM BO3Oy%KJCHHA B H€YTOMJICHHOM HepBHO-MBILIeYHOM mpenapate 


aBHo 3,5 MCeK, TO B YTOMJICHHOM MpenapaTe ee MpOMOJKUTebHOCTh MOxKeT 
BCIHUHTbCA ee Ha 6 u Oomee Mcek. TaK Kak B HepBe MH MbILUMe H3MCHeCHHA 
Kopoctu mpobera BosOyK CHA HeE3HaYHTeJIbHbI, TO YKa3aHHble aBTOPb! MpPHIWIK 
| @MHOJLYWIHOMY MHEHHIO, YTO B OCHOBHOM 3aJep2KKa BOSOyKACHHA MPOMCXOAUT 
/KOHIUeCBOM MWwlaCTHHKe —B 9TOM CBA3YIOULEM 3BeHe, BKJIJOUCHHOM Me>K]ly Hep- 
oM w Mblluitel. [log BIMAHMeM YTOMJICHHA B KOHILEBOM MlaCTHHKe, O4eBHHO, 
POHCXOAAT KaKue-TO, MOKa elle He BbIACHCHHbIe H3MCHEHHA, KOTOPbIe HM MpH- 
OAT K 3aMeQVJICHHIO Mepexofa BOsOyxKeHHA C HepBa Ha MbIULy. Camolios (°) 
OCBATHJ cMellMadbHoe ucceqoBaHue BOMpOocy O Npupose sTOTO ABJICHHA UH 
pHIle K BbIBOLY, TO Mepexog BosOyxKeHNA C HeEPpBa Ha MBIIIIIly OCyllecT- 
JACTCA TPH MOMOMLM XHMMYECKHX NepeaTUHKOB BOSOYKCHUA, BbILeMAIONLAXCA 

KOHICBOH MacTHHKe. 

B wacTosaulem cooOuleHHH H3JlaraloTCA JaHHble, KacaloulMecaA BJIMAHHA Ha 
allepoKKy BO3Oy2%KeHUA B KOHWeBOH MaCTHHKe CTHMYJIOB pasIM4HOM YacTOTHI. 

Onbirbl MpoH3BOAMIMCb Ha HEPBHO-MBIIeYHOM MpemapaTe AKPOHOXKHOH MBIIL- 
bl JIATYUIKH, MOMeU[CEHHOM B PHHPepOBCKHli pacTBOp TaKHM 06pa30M, 4TO 
VXOPKUJIbHaA YaCTb MbILIIbI BbICTyMasia U3 pacTBopa. Ilapa oTBO,ALIMX 9/IeKT- 
O0B MoMelllanacb Ha HepB. M3 Hux OnwxKaluwIMu K pa3{paxKalOulMM 93JIeKT- 
oaM 3a3emiaca. JIA OTBeLeHUA MOTeHWMaa OT MbILUIbI OAH SeKTPOR 
PUKPenIAICA K CYXOXKUMIO, a BTOPOM MOMelllaJcA Ju60 B PHHrepowcKul 
aCTBOP IOJ, MbuUMMeH, HOO MpOXOQMJI CKBO3b MbILILY B o6acTH ee 9KBaTOpa. 
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Zanuch Mpou3sBOfMsach pH MOMOLH OMHO- Wun ehon | 
ocuusmiorpada. B ciryuae MpHMeHeHHA OHO Yy YeBOro ino pa ae 
30BaICb TOJbKO TPH OTBOMAMLMX IIeKTPOMa, KOTOpbIe P ee 
ylolluM O6pasoM: OMH—Ha HEpBe, BTOpoH — Ha MecTe oe ‘ ee 
Mpmuef H TpeTHH — Ha CYXOMKMJMN, NepBHIM HW TPCTHH eee 2 ae 
Mexkny co6o. PerncrpupoBasiuch MOTCHIMAJIbI, M1OJly YeHHbI 


aJJI€JIbHO C perucTpallnen 91eK 
rannueckne pa3ipaxkenua. Ilap 
panier they srk PHYeCKHX MOTEHIUMAJIOB, Ka 


MM 

m8. 60 IIpaBMJO, 3allMCbIBaJIMCb Ta 

/ 

aye, a i 2Ke COKPallleHHA MBILIILbI BH 

We D Kumorpade. 

/ ye ene Pt, Jlia BbIz0Ba yTOMJICHH 

iy as | Mbl TIOJIb3O0BaJIMCb PHTMHY 
WI (298 CKMMM CTHMYsIaMu YacTOTO 
ee 1 B cekyHay. Kak noKa3auti 


ONbITbI, B 3THX YCJIOBHA! 
HePBHO-MBIMedHbIN = pen 
pat, MOBeqeHHbIM JlaxKxe 7 
ray6okoro YyTOMJICHHA, H 
Puc. 1. Onpir c yTomeHHeM, BbIS3BaHHEIM PHTMHYeCKHMH OOHapy2KUBaeT Tee 
pa3apaxkeHuamu HepBa uacrotoli 8 umn/cek uepes Kax- BPCMeHH TNepexofa BOSOy 
apie 10 cex. A — KpHBaA MOTeHIMAaIOB WelcTBUA HepBa JIeHHA C HePpBa Ha MbBIINIMY 


(4) M MbIWUIbI(“). m-/ MT. J. — KPMBbIe NOTeHUMaIOB A yanorHuHblit pesyJIbTaT M 
JCHCTBUA MbBILUIMbI, 3aNMCaHHbIe B PasHble cTayMM yTOMMe- agnbaae 
Hua. 5 — pplcoTa coKpalleHHi MbILIMbI B COOTBETCTBYIO- NOJyanIH MPH pasAp 

UlHe cTaquH yTOMIeHHA (0 3aNHcAM Ha KuMOrpace) HHH HepBa Cc UYacrToTo 


8 umn/cek — 4epes Kar bl 
10 cexk. Tak, Hampumep, B onbiTe, mpegqcraBsieHHOM Ha puc. |, BBICOT 
KPHBOH COKPallleHHA MbIILbI B Hadase ombira cocTaBJiseT 56 MM, 3aTeM Ti 
XOy YTOMJIC€HHA OHa MOCTeMeHHO MayaeT M K KOHL OMbita paBHa 4 MM. Tem 
MeHee, 3alHCb 93JIeKTpHue- 
CKMX MOTeHIMaJIOB He 10Ka- 
3bIBaeT H3MCHeCHHA BPeMeHH 
3afepxKKH BOsOyxKTeHHA. B 
OTCIbHBIX OMbITaX yTOMJe- 
Hve mpenapata Obluo jo- 
BeqeHO MO TakOH cTenmeHu, 
4TO MbIllllla He 3anmMcbiBaa 
HHKaKOPO COKpallleHHA B OT- 
BeT Ha CTHMYJIbI, H B TO xe 
BPeMA YBEJIMYCHHE 3aep KKH 
He OblwIO OOHapyKeuno. 
TakuM oO6pasomM, MbI He 
NOATBEPAMJIM yKa3saHua Bu- 
3epa wu @ysToHa, uTO yrom- 


VIGHHE BBISHIBACT VBeIMYCHHE! “py. 5° Onur ¢ YTOMJCHHEM, BbI3BaHHbIM PHTMHUECKI 
SaflepxKKU BOSOYKCHHA BMH pa3ipaxenuama HepBa uacroroli 1 umn/cex. O603n: 
CHHanTHYecKOM allmapate ueHHA Te 2Ke, uTO Ha pu. | 
HePBHO-MbILUeYHOrO = mpH60- 
pa. Hamu Obi0 o6pameno BHUMaHHe Ha TOT(akT, YTO Kora B Npollecce yTOMJIeHH 
KPHBad NOTCHIMAJIOB JCHCTBUA MbIIII, pe3kKO CHHDKAeTCA, TO B CBOeH Hava BHO 
TaCTH OHa NIPHHUMAaeT NOMOry!o POpMy, H9TO CUIbHO 3aTPyAHAeT TOUHOE onpel 
JieHHe Havalia BOsOy2KqeHuA B Mbuue. TIpH sToM oveHb yacTO co3laeTca BIT 
yYaTleHne 06 yBeInueHHH 3alepxKKH BosOyxKTeHHA. OMHaKo ecuIM B NOLOOHE 
CIYYaAX YBeJIMUMBaOCh ycuJeHHe ONONOTeHIMANOB, TO, Kak NpaBusio, Mow 
HO OblWIO TOUHO ycTaHOBUTb Hayano BOSOYXKCHUA MBI, WH TOrma o6Hap: 
*KUBAJIOCh, UTO yBeJIMYeHHe 3alepxKKH BO3OyKICHHA HE WMeNO Mecta. | 
Puc, 2 mpencrapasaer OAMH H3 TaKUX NPHMepoB, Kora B OAHOM vw TOM H 


OmbiTe, BOCK APY? $a APYTOM, sariucbiBach TOTeHIMaNbI LeliCTBHs MBIIL 
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IDPH Pa3SHBIX YCHJICEHHAX; KPHBad M-2., KOra ycuJIeHHe Oblwoy yBeIMYeHO B 
/ Pasa MO CPpaBHeHHIO C KPHBO wm-2,, MH KpuBaad M-23— COOTBETCTBEHHO B 
; pasa. Takum oOpasoM, ocma6meHue BOos6yxK,eHUA MOFJIO CHMYAUPOBAaTb yBe- 
IMYeHHe 3afepxKKH, WH NOISTOMY BMOCeACTBHM MbI paOoTaJiM mpH MOcTaTOUHO 
OIbUIOM YCHJIeHHH. 

OjHako (IPHHHMasx BO BHUMaHve 9TO 3aMeuaHHe) B OTICbHEIX OMbITaX 
aHHOH CepHu MbI HaG/OJaIM CpaBHUTebHO HeOObUIOe yBeMUeHHe 3aepxKKH 
3030yKeHHA, MPHUMHbI KOTOPOrO HaM M0- 


<a He yaslocb BbISCHHTb. Ho u 3yecb, B 27° . 5° 
{auaJIbHbIX CTaMAX YTOMJICHHA, B mpese- ey amd 17° 
1axX WIMpOKOro Auana30Ha KOeOaHHH BeTH- my ea 


IMHbI MBIINCUHbIX COKPalleHuli, 3alep2KKa 
3030y2KJCHUA MpOMOKasa OCTaBaTbCA M0- 
-TOAHHOM, TaK YTO 9TH OMBbITHI HE MpoTH- 
30peunIM OOWIEMy BBIBOLY O HesaBucu- 
MOCTH BCJIMUHHbI 3aepxKKU OT cTeneHH 
yYTOMJI€HUA HePBHO-MbIeyHOorO mpuHOopa. 
UToObl BEIACHHTb MIPpHYMHY pacxonxye- 
Hu C JanHbiMu Busepa, MbI pews cye- 
WaTb CJIeAyIOUWNe MONOMHUTEIbHbIC OMbI- 4 
Tbl; BO-MepBbIX, HeOOXOAMMO ObIWIO mpo- Puc. 3. Bausnne remneparypbl Ha CcKOo- 
BEPHTb, MO3BOIAIOT JIM YCAOBHA HawiMx POCTb Nepexoja BosOy2KMeHHA C HepBa Ha 
MBILWLy (TeMNepaTypbl yKa3aHbl Ha KPH- 
ee TOR AOCTATOUHO XOPOUIO YAOBHTb H3Me- BbIX MOTCHIHaoB eHCTBHA MbILIILbI). 
HEHHA 3aytepxKKU; BO-BTOPbIX, MbI PelinJIn O6o3HaueHHA Te xe, UTO Ha pu. | 
MpOBecTH OMNbITbl C TeTAaHHYeCKUM Pa3jpa- 
*KEHHEM. 


J\a orpera Ha MepBbIi BoMpoc Oplmo MOcTaBJeHO HeOOJIbIUOe KOMYeCTBO 
OMbITOB C BJIMAHMeEM TeMnepaTypbl Ha usyyaemMoe ABJeHHe. Kak yKa3bIBaJlOCb 
BbILMe, TAKHE OMbITHI Obl MpoBezenb! CamoliMOBbIM, KOTOPHI HaOJOfaI peskoe 

BJIMAHHe TEMMepaTypbl Ha 

A MM CKOPOCTbh nepesaun BO3- 

m-/—2 40 OyxKMeHHA C HepBa Ha 

x Mpmutty. B cBoux onbirax 

B HOBbIX MeTOJM4eCKHX 
yCJIOBUAX MbI MOATBepAn- 
JM janHpie Camofaopa. 
Puc. 3  ussocrpupyer 
OHH W3 TAKHX OMBITOB. 
M3meHeHve Temmepatypbi 
pacrBopa Puurepa, B Ko- 
TOpbIH norpy*Xalacb 
Mbuuia, c 8 fo 23° npu- 
BOAMT K 3HaUMTeJIbHOMY 
Puc. 4. Onpir c BaAMAHMeM TeTaHMuecKoro pa3ypaxenua YMCHDINCHHIO eae ee 
uepsa (uactora 80 umn/cex) Ha Bpema nlepexoga Bosby%KLe- TakuM o0pa30M, pacxox- 


HMA Cc HepBa Ha MbIIIIIy. O6o3HayeHHA Te Xe, TO Ha WeHue c AHTepaTypHbIMu 
puc. 1. Crpeakamn OTMeueHBI TeTAHHYeCKHE Pa3slpaxKeHHA JlaHHbIMM He MOFIO 6piTh 


MpumucaHoO HaLliHM yeuo- 
BHAM 9KCIepHMeHTa, TAK KaK MbI MOPIH C OOJIbINOH TOUHOCTHIO YJIOBHTb H3- 
MeHeHUA BpeMeHU Tlepexofa BO3OyxKTeHHA C HepBa Ha MbIINILy. 

B orsuune or Busepa MbI BHISbIBaIH YTOMMeHHe yapaMu PeAKOH YaCTOTEI, 
tora Kak B uccseqoBaHusx Bu3epa yTOMJICHHEe BbISBIBAIOCb ae 
pasipaxkeHneM HepBa yacTOTOH 34—102 umn/cek — JJIMTeIbHOCTbIO OT ieee 
no 7 mux. Ilostomy Hamu Opiia MpoBeseHa CepHA OMBITOB C TETAHMYECKUM PasApa 
yKeHHeM HepBa. C 9TOM WeubIO Yepes Kar ple 10 ceK. MBI atte Boers 
MpoOuble pUTMHYeCKHe paslpaxKeHHA C YacTOTOH 8—10 unm/cek nu mpofxomKu- 
TesIbHOCTHIO OKOMIO 1,5—2 cex. PerucTpHpoBasHCch NOTeHUMaNbl AevCTBUA HepBa 
M MDBILIIMbl, MOJITYYeHHbIe MPH MpOOHbIX PasAParxKeHHAX. Kpome Toro, BpeMa 01 
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Bpemenn, B TedeHue 30 ceK. H 6oee, MbI pas{paxKasu HepB TeETAHHYCCKHM Pa3-| 
WpaxkeHueM Ooee BbICOKOM YacTOTHI (30—80 umn/cek) 11a BbIZOBa YTOMJICHH A, | 
MoKa3aTeJieM Yero CY*KUAIM COKPAaULeHHA MbILIbI, BbISBAHHbIC TIpOOHbIM pasypa- | 
sKeHHeM MH 3allMCbIBaeMple B TeyeHue BCero OMbira Ha KuMorpade. ! 

Ha puc. 4 mpuBeyeH OJMH U3 OMbITOB 3ToH cepun. Kak MOKa3bIBaloT KPHBEIE, | 
rocjle HaHeCeHHA TeTAaHMUeCKOrO pas{paxkeHuA BpeMaA Mepexofa BosOyx*eHUA C| 
HepBa Ha MBIUIIly 3aMeTHO yAuHseTcs. [Ipu 9TOM B pARe OMNbITOB HaM yla/l0Cb 
OTMeTHTL yBeM4eHue 3ayepxKKH BOsOyKMeHHA M TOra, KOra YTOMJICHHE | 
MBIUIUbI eke He JOcTuro TOM riyOuHbl, Kak 9TO ObLIO B OMbITaX NpeAbIAyulen 
cepHu. 
Takum o6pa30M, MbI MpHXOfUM K BBIBOLY, YTO yTOMseHHe CaMO TIO Cee He | 
OKa3bIBaer BJIMAHHA Ha BeJIMUHHY 3aepoxKKuH. 

[IpocmatpuBaa qaHHble Busepa, MbI MpHUWIM K 3aKJIOUCHHIO, TO CieJaH- | 
HbIit HM BbIBO, He BbITeKaeT HeEMOCpeACTBEHHO H3 eFO WaHHbIxX. B camom Jeue, 
no onucaHmio Bu3epa, HanOompulee yBemuueHue 3ajlepxKKu BOsOy>KeHus | 
HaOmlofaerca Tora, KOra MmpoOHoe pasyqpaxkeHue WaeTcaA CinycTA 30—87 mcek. | 
mocle TeTaHHYecKOrO pasfqpaxkeHunA. Ecau xe mpoOHOe pasqpaxkeHue MPOH3BO- | 
Juulocb m03x%Ke, TO BeIMUMHa BpeMeHM MepesagH BosOyxKJeHHA BCe MeHbINe H 
MeHbue. [Ipu mpomMexkyTKe MexKAY MpOOHbIM HM TeTaHHYeCCKUM Pa3parKeHHAMy, | 
papHom 20—25 cek., MO yKa3aHulo aBTOpa, BPeMA 3aepxKKH HE HSMCHAVJIOC | 
43-34 TOPO, UTO MbIillIa yCmeBasla OTHOXHYTb. OHAKO eCJIM 3alMCbIBaTb MCXAHO- | 
rpaMMy, TO MOX*KHO yBuyeTb, ITO yTOMMeHHe Mpenapata, HacTymatolllee mocse 
JMTeIbHOrO TeTaHHYecKOrO pa3slpaxKeHHA, HE TOMbKO Mpoxo_uT uepes 20— 
25 ceK. OTAbIXa, HO, HAOOOPOT, MOXOAUT MO Tako cTaquu rayOuHbl, YTO MBILIia 
BOBCe MepectaeT CoKpallaTpcen. HecMoTpsa Ha 9TO, OHAKO, 3alapxKKa BOsOyXK- 
Ne@HUA YMeHbIUaeTCH B OTJCIbHbIX CJIYdaAX JO BeIMYHHbI, HadwOLaBulelica | 
mepea TeTaHHueCKUM Pa3qpaxkeHueM. Bowbule Toro, B CTaqMuH MOCTTeTAHH4eCKO- 
ro ycCusleHua COKpalileHul, Korgja moceqHHe Gomee 4em B 5 Pa3 MpeBbIlaloT 
COKPallCHNA MBIUMLbI JO TeTaHyca, BeIM4HHa 3aepKKU OKA3bIBAeTCA pe3KO 
YBeIM4eHHOH. CreloBaTesIbHO, H3MCHEHHe BeJIMYHHbI 3aepx%KKUN JOJKHO OBITS 
MpHnmucaHoO He YTOMJICHHIO, a TEM H3MCHCHHAM COCTOAHHUA HeEPBHO-MbIILeYHOLO | 
pemapata, KOTOPbIe MPHBHOCATCA TeTaHH3alluel HepBa. 


VuctityT SB07I0UMCHHOM (bu3aonorun Toctynuno 
um. Ui. M. Ceuenosa 23 IX 1958 
Akazemuu HayK CCCP 
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PHSHOJIOLH fl 


H. Il. BECEJIKHH 


BJIMAHHE OJHOCTOPOHHErO YAAJIEHHS BEPXHEFO LIEMHOrO 
CHMfMIATHYUECKOLFO Y3JIA HA 3JIEKTPHYECKYIO AKTMBHOCTb 
MO3)KEUKA Y TOJIYBEM 


(ITpedcmaeaexo akademuxom JI. A. Op6eau 1 X 1958) 


B MHOrojleTHHX SKCHEPHMeHTAJIbHBIX uccmenoBanuax JI. A. OpGenu (°) 1 
ro mkoubt ((°,°,"") w Ap.) ObiuiM BEIABJIeHBI ONpeseeHHbIe B3aNMHbIe PyHKUKO- 
AJIbHBIe CBA3SH MeXK]y MO3%KeCYKOM MH BeEPXHHMH LIeCHHbIMH CHMMaTHYeCKHMH 
3namMu. Hakonupurmeca cbaxtpl nosBoluin JI. A. Op6eru BEI_BHHYTb Teoputo 
_ KOJIbILeBbIX B3AMMO3ABHCHMOCTAX MexKy yKa3aHHbIMA OTMeaMH HeEpBHOH cu- 
TeMbI, ABJIAIOULYIOCA OJHUM H3 3BCHbeB yYeHHA OO ajlanTallNOHHO-Tpoduye- 
KOH PYHKIWMH CHMNaTHYeCKOH HeEPBHOM CHCTeMbI H MO32%KeUKa. Ota TOUKa 3pe- 
MA MOMTBEPpKlalacb B aJIbHeMIMHX IKCNCPHMeCHTAJIbHbIX MCCIeOBAHHAX 
fopyuuu ('°), 39. A. Acpataua (°). Uccaenopanua Jlenma, Bousanne (4), 
oTOansiepa ('’), II. K. Anoxuna (?), A. HW. Kapamana (*) wu op. 
OKa3aJIM BaxKHYIO POJIb CHMMAaTO-alpeHaJIOBOH CHCTeMbI B aKTHBallMM BbICIIMX 
TJCIOB WeEHTPaJIbHOH HeEpBHOH cucTembI. BuluaHue Nepepe3kKu WeHHbIX CHMMa- 
M4CCKHX HEPBOB Ha 3JICKTPHYeCKY!IO AKTHBHOCTb KOPbI OOVIbIUHX MOMyWapuli 
3yuanocb H. ® [lonoppnm ('°) uw Ha 9MeKTpH4eCKy!O AKTHBHOCTb cpeyHero 
(o3ra —T. M. 3aropyapxo (4). T. H. Conmeptuncxasn (14), Ha6sofana moc- 
€ OMHOCTOPOHHeEH CHMMaTSKTOMHH pe3KHe H3MCHCHHA SJICKTPHYeECKOM AKTHB- 
OCTH KOPbI OobUIMX MOMyMapHH Ha cropoHe onepaun. Ilocie noxqKoxKHOro 
BeeHHA AaNpeHaHHa QJeKTPOSHUepasorpaMMa JeCHMMaTH3HPOBaHHbIX KDpo- 
MKOB Ha KOPOTKHi cCpoK MmpHOsMxKaNacb K IICKTPOSHIe*asorpaMMe HHTAKT- 
bIX %KMBOTHBIX. Ha 9/ICKTPpHYeCKYIO AKTHBHOCTb KOPbI YTOMOBHOrTO Mos3ra 
HTaKTHBIX KPOJIMKOB aJ{peHaJIMH JeHCTBHA He OKa3bIBaeT. 

Iletb HacTosmle paOorbl — mpocmequTb BbISbIBAeMble OMHOCTOPOHHeH CHM- 
aTIKTOMHeH U3MCHEHHA 9JICEKTPHYeCKONH AKTHBHOCTH MO32KeuKa. OnbiTbl mpons- 
Oqusuch Ha 8 romy6ax. OnbiTbl HaunHasucb Ha 2—3 JeHb Mocme onepalinu. 
KuBOTHOe TOMelasOcb B TeCHYIO 9KpPaHHpOBaHHy1o Kamepy. BunomapHoe 
TBEJeHHe MPOH3SBOAUOCh C CHMMECTPHUHIX TOYCK MPOTHBOMNOJIOXKHIX CTOPOH 
o3xKeuKka. PaccrosuHue MexKLY HFOMbYaTbIMU BeKTpOAaMu Opiwi0 3 MM. QseKTPo- 
bI BKAJIbIBAIHCb B KOCTH Yepena u PUKCHPOBAaMCb K KOxKe KoNMOAMeM. Peru- 
Tpalluad HaunHaacb cnycra 20—25 MuH. mocme UKCaIlHM S/IeKTPOROB. Oule- 
TporpaMMa PerucTpHpoBasacbh MPH MOMOMMIM YETLIPEXTAKTHOFO KaTOMHOTO OC- 
uslorpada c mpuctaBKol Aa doTrorpadupoBanusa Ha mieHky. Ha OMHOM MeH- 
€ OJHOBPEMCHHO 3alHChIBaJIHCh IIEKTPOLepeOe MOF paMMBI C IIPpOTHBOMOMOKHBIX 
TOPOH MO32KeuKa. 

DnekrpowepeOenmorpaMMa UHTAKTHOrO rouy6sx, 3anucaHHad Ha 9TOM TIpHOo- 
e, uMeer CuYAyloulylo XapakTepucTuKy: Opilcrpbie KOeOAaHHA YaCTOTOH OKO- 
o 200 —300 B cekyHy uMerorT ammuintyzy oKos0 50 mks. Jluuib u3qpeqka BcTpe- 
AIOTCA OTJeIbHbIe MefieHHbIe KOeOaHuA (puc. 1a). 

Ha puc. 16 orserauBo BUAHbI H3MeHEHMA, KOTOPbIC MPOHCXOZAT B SEKTPO- 
epeOemorpamMe rowyOa mocme OMHOCTOPOHHeM CHMMaTSKTOMHH. B noTHBono- 
OKHOCTh H3MCHCHHAM 3/IEKTPOrpaMMBI KOPbHI OOJIbIIMX MOyWapuu, B TWepBbIe 
e JHU mocse onepaluu B a1eKTpomepeOemorpamMMe OGeuX CTOPOH MOsxKeuKa 
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aMIVIMTY 2a ObICTpbIX KOMeOaHH yMeHbilaeTCA MpHMepHO BABOe (qo 25 MkB) 
HOABISIOTCH M@QICHHbIe KONeOaHuA YacToToH 8—l0—30 B cekyHAy, MMCIOUN| 
amnautyly 40 100 mks. ToubKo Ha cTOpoHe OnepallMM H3MCHAIOTCA JIMINb Obi 
crpble KOMeOaHUA, YACTOTA KOTOPHIX yBeIMUMBAacTCA, HOXOMA LO 400 B C€KYHJY. 
[IpumMepHo Yepes Mecsll nocwle ONepalluM MH Ha MPOTMBOMOJIOAHOH CTOPOHE Obi 
cTpble KOeOaHHA JOCTHraloT TOM xe YaCTOTHI. 


Puc. 1. Onexrpouepe6enmorpaMMbl MHTAKTHOrO Tomy6a (a) Hu romyOa cnycTa 
5 Mec. Moce yamenus eBoro WeHoro cummaTuuecKoro y3ia (6). Bepxuue kpn- 
Bble — IpaBad CTOPpOHa, HHIKHHeE — eBaA 


BuellHul pa3iqpaxkuTelb (CBeT) BbISbIBaeT BbIPAaMKeHHOe YFHeETeHHe MeJVJIeH 
HbIX KOeOaHHH uacroTroH wo 10—25 xKowe6./cek., He yrHeTad, OHaKO, 
HHOra BCTpeyaBlnecA KOeOaHHA YacTOTOH OKONIO 20 B ceKyHAy. 


Puc. 2. Qnextponepedeaor 
IMCHHOrO CHMMaTHYeCKOrO y3a; 6 — yuepe3s 15 mun. 
(BUAHO OTYeTAMBOe yYMeHbUICHHe MeWICHHBIX Kome6 
30 MHH. Mocme BBeweHuA agpenannua 


Bepxune kpuBbie — npapaa CTOPOHa, HW*KHHe — meBag 


PaMMbl romyOa: a —cnycTa 4 mec. nocae yqaneHua meBoro 
mocle BBeeHHA apeHamuHa 
aHMH Ha OOCHX KPHBBIX); @ — uepes 
(KpHBax TpuHnMaer nepBoHavanbublii BHI). 


OnucaHHble 13MeHeHna He MOryT ObITh O6bBSACHEHBI 


ME i 

SH Pee Kak UCCeqoBaHnA JltoyBurca u Mnetinepa (*°) nokasauiu, TO nocwe 

PY POHHEH NepepeskH WelHbIX CuMnaTHuecKHx HEpBOB He MpOHCXOgHT 
MeHeHH MO3rOBOrO KpoOBOoOpallleHus. 
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HapyuieHveM TreHOsuHa- 


_ Tpem XecumnatusupoBanxbiM routyOaM BO BpeMs OMbITOB BBOAMJICA-MOLKOXKHO 
Apenatnu 0,5 Mia paspexenua 1:1000. Mpumepno uepes 20 mun. nocae BBexe- 
(HA MCJWICHHble KOeOaHHA HCUe3aIu, AMMIVINTYJa “aCTbIX KOeOaHHil HeECKOJIb- 
<O yBelMunBasacb. Cnycta 30 MHH. KpMBad MpHHuMasa mepBoHauvambubili 
MW, (puc. 2a, 6 u 8). 

Hiurepecen (bakt moaBueHuad uu M0 Kpalineli Mepe pe3Koro yCHJIeHHA Me]- 
[CHHBIX KOIeCOaHHH B MO32KeUKe MOcHe AecuMMaTu3alluu. Kak noKa3aau pa6o- 
bl JI. P. Ukumypuyse (%), y HOpMaJIbHbIX %MBOTHBIX HaOmOmaeTca Nonna 
(PAMAH 3ABHCHMOCTb MeJVICHHBIX SJIEKTPHYeCKHX KOMeOaHH B KOPe MO3%KeUKA 
T MCJWICHHBIX KONeOaHHii B KOpe OombUIMX MOyWapui. CBoeo6pa3upie meqweH- 
[ble SIEKTPU4YeCKHe KOMeOAHHA MOAKOPKOBOLO MpPOUCxor*KAeHUA Obl OOHApyxe- 
it A. M. AnexcaHauom ('). Asrop Bpickasam mpeqnonoxeHne, UTO BLIABJeHHbIII 
(M PHTM SBJIA€TCA ABTOHOMHDIM HW MPHCYULMM MOAKOPKOBbIM HepBHbIM OOpa3oBa- 
iuamM. B padote T. H. Comnepruucxoit (!*) ycranopseno, uTo oNOCcTOpOHHAA 
‘AMNATSKTOMHA BBISbIBAeCT HCYe3HOBEHNe Me/VICHHbIX KOJeOaHHH B 3JIeKTPO- 
‘paMMe KOPbI OObWUX NOymMapHH. Caeqopaso owkugaTb, YTO H B MO32*KeUKE 
1ocse TeCHMNaTH3alMH Me/WICHHbIe PHTMbI UCUeSHYT, OJHaAKO MeJWICHHbIe PHT- 
{bl B MO32%KCUKE PE3KO YCHJIMIMCb. OueBu HO, HasIMIlO KakHe-TO MaTOJOrH4ecKHe 
ACJICHHbIe KOMeOAaHHA, HE CBA3AHHbIe C KOPOH OombWMX MOMyMapuit. 

OTOT (bakT HHTepeceH HM C 39BOMIOMMOHHOM TOUKH 3peHHA. 

A. UW. Kapaman ('°) noxa3a B CcBouXx paOorax, TO dbopMupoBaHue HepBHOIi 
{CATCJIbHOCTH Y XKMBOTHBIX, CTOAMNX Ha Pa3HbIX YBOJNOWMOHHbIX YPOBHAX, 
IpOHCXOMMT TyTeM MepemelleHua yHKUMH B BOCXOMAILeM HaMlpaBJeHuH. 
y rou yOeH MO32%KCYOK HpaeT 3HAYHTeJIbHO GOJIbLTYIO POJb, UCM y MJICKOMUTAIOULAX. 
MoxHO NpeANOOKUTb, ITO y romyGeH MO3xKeUOK OOaaeT CMOCOGHOCTHIO reHe- 
DMPOBATb MeJVICHHbIe KOeOaHHA (BHE 3aBHCHMOCTH OT KOPbI OOJIbUIMX MOJTyuIa- 
JUH), KOTOPad OCOOEHHO BHIABJIAeTCA TOce MecuMnaTu3aunH. B sToM OTHOUIe- 
1HH MHTepecHO B JaIbHeHUIeEM MpocseqHTb BIMNAHHeE JeECHMMaTH3allun Ha QuIe- 
<TPMYeCKYIO AKTHBHOCTb MO32%KeuKa Ooslee BbICOKOOPraHH30BaHHbIX 2KHBOTHBIX. 

TakuM o0pa30M, Ha OCHOBaHMH MCCJIeAOBaHHA QJIEKTPHYeCKHX KoOeOaHHit 
mo3xKeuKa y roujwyOeH nocme OHOCTOPOHHerO yaJleHHA BepXHero WeHHOrO 
°MMMaTHYeCKOrO Y3JIa MOXKHO 3aKJIOUHTb, YTO CHMMAaTHUeCKaA CHCTeCMA OKa3bI- 
3aeT CYIIeCTBeEHHOe BJIMAHHE Ha 2/ICKTPH4eCKYIO AKTHBHOCTb MO32%KeUKa. Tak 
KaK H3MCHeCHHE MO3FOBOrO KpOBOOOpalleHHA NOCMe TeECHMMaTH3alHH WCKJIOUe- 
HO, MOXKHO CBA3ATb OMMCAHHOe BJIMAHME CHMNATHYeCKOH CHCTeMbI Ha 3JIeEKTPH- 
4@CKYIO AKTHBHOCTb MO3>%KeUKa C ee ajlanTallMOHHO-Tpoduyeckon (byHKnelt. 
OTMeYeHHbIe pH 3TOM OCOGeHHOCTH H3MeCHEHH MOCIe OHOCTOPOHHeH CHM- 
TaT29KTOMMM y ToOyOeH, BO3MOXHO, CBA3AHbI CO CTeMeHbIO (PHOPeHeTHYeCKOTO 
pa3sBUTHA UX HepBHOM eATeJIbHOCTH. 

UnctutyT 2BOIOWHOHHO!H! thus 10OrHH Tloetynusc 
uM. VW. M. Ceuenosa 24 IX 1958 
Axkanemuu HaykK CCCP 


IMTHPOBAHHAS JIATEPATYPA 


1A. M. Anexcauau, @usuon. xypH. CCCP, 36, Ne 3, 283 (1950). ° Tl. K. Ano- 
x HH, DMuzvon. wypu. CCCP, 42, No 1, 55 (1956); 43, Ne 11, 1C7 (1957). By Ne Ac p a- 
tau, Hepponatow, u meuxnatpusa, 10, 3, 35 (1941). 4T. M. 3aropyabko, QneK- 
rposbusHosOrMyecKu aHaH3 JeATEMLHOCTH SPUTeMbHOFO aHaMuBZaTOPa JIALYIIKH, [iacceprauna, 
., 1954. °® A.M. 3umMxKu Ha, Yen. copp. Ouon., 25, B. 3, 345 (1948). ° A. HW. Ka- 
PaMAH, SponounA PyeHKUHH MO3:KeuKa HM COMbIIMX MoyWapHH FomoBHOrO Mosra, 1956. 
7 A.W. Kapamanu, @u3uon. «ypu. CCCP, 44, Ne 4, 317 (1958). *& A. A. M HX € Tb 
>on, B. B. TuxaabcKkaan, Pusnon. xypH. CCCP, 16, Ne 3, 466 (1933). Jl. A. 
Dp6ean, Jlexuuu no busnonornn HepBHolt cuctempr, M., 1938; Yen. copp. 6xvon., 13, Ne 2, 
207 (1940). 10 H. ©. I1onos, Cos. HesponaTon., McHxXMaTp. HM Mcuxoruruena, 3, B. 11— 
12, 168 (1934). ™M.W.Canpoxuna, ®usuon. xypH. CCCP, 23, Ne 6, 648 (1937). 
21. P. Ukunyoug3e, Tarpexue Gecegu, 1, 266 (1948). TT. H. Comneptun 
me aa, JIAH 112, Ne {, 167 (1957). 74 M. Bonvallet, A. Hig eit, P. Die ll, 
J. Physliol. (Paris), 48, Ne 3, 403 (1956), 1° N. Ludwigs, M. Schnei der, Pfliig. 
Arch., 259, 43 (1954). 1% G. Moruzzi, Problems in Cerebellar Physiology, Springfield, 
1950. 17 A. B. Rothballer, Electroencephalogr. and Clin. Neurophysiol., 8, 603 
4956); 2, 409 (1957). 


Loe 


Jloxnxanp Akayemuu HayK cccP 
1959. Tom 124, N 3 


PH3ZHOJOTH f 


A. H. LHMMEPMAH 


HEKOTOPbIE JAHHbIE TO H3Y4EHHEO CNOHTAHHbIX PEYEBbIX 
PEAKUHMM Y AETEM JOLIKOJIBHOrO BOSPACTA 


(IIpedcmaeaexno axademuxom JI. A. Opbeau 6 X 1958) 


[lpn usyyenun peuw peOenka, ee POPpMHpOBaHUA MU PasBUTHA B eee 
yeCKUX paOoTax He yJeAeTCA MOJMKHOrO BHAMAHHA MCCEMOBaHHI0 Tak HasbiBay 
eMbIX «CIOHTAHHBIXy peveBbIX peakunli. B uwacrosuel paoote Obima clenana 
nOMmbITKa MOMOMTH K H3YYCHHIO CNOHTAHHbIX peue- 
aE BbIX peakuMH y MeTeH OLIKOJIbHOTO mas 
50 (3—7 ser). 
Tlom cnoHTaHHOl peyeBolt peakiMeH MbI nogzpa 
4 3YMeBaeM CaMONPOH3BOMbHbIe BbICKaSbIBAHHA Pe} 
6eHKa 6e3 KakOro-JINO0 peyeBOrO BO3TeEHCTBUA He 
Hero CO CTOPOHBI 9KcnepHMeHtTaTopa. Henocpeyct 
20 BCHHOH 3ayjaueli uccmeloBaHua ObIO Uu3yYeHHE 
yCJIOBUH, CNOCOOCTBYIOWWNX BOSHHKHOBeHHIO CIOH- 

TaHHOM peueBOH peaKUMH y jerTen. 
3 4 5 6G fam  Ucnbiryemomy mpefmaranocb MOCTpOHTb nc 
cTosujemy mepel HMM OOpa3lly KOMONMHAalHH ua 
Puc. 1. Cnontannpie peyesble |{BeTHBIX OObCMHBIX FEOMETPHYeCKHX *Puryp. B_ Te. 
peaKnMH y ReTeH NOWKONbHO- yeHye OHOrO oMnbitTa peOeHKy mocmeqOBaTebHCl 
PO BO3pacTa B IIPpOUeCHTax K 
oOmemy uncay ucnbiTyempx MPCAbABIANHCb TpH KOMOMHALMM H3 TNMpaMHy Hy 
Kako BospacTHo# rpynmp. KYOUKOB. Kaxfad noceqyroulai KOMOuHaluA OBI 
Jia Oonee crom*KHaA, VeEM MpezbLyolan. B mpotroKko-} 
JlaX OTMeUaJINCb BC€ BLICKa3bIBAHHA peOeHKa, BOSHHKalOlNe y Hero B Mmporecc 
BBINOMHEHMA SKCHEPHMeHTaIbHOrO 3afaHHA. ONMBbITbI ObWIM MpOBeleHbI Hai 
140 yerax. 

B pesyubTare MpOBeJeCHHEIX OMbITOB ObWIO NOKa3aHO, TO HanOoubWMi mpo 
WeHT CNOHTAHHbIX Pe¥eBbIX peakIHi MafaeT Ha eTeli 4—5-nerHero Bospacra,| 
YMeHbuIaACh K KpaHHUM BO3paCTHbIM rpynnaM (3 u 7 mer) (puc. 1). 

Ilo mepe yBeymuenuaA Bospacra peOeHKa H3MCHSVICA HM CaM XapakTep cmOH- 
TAaHHbIX PeYeBLIX PeaKIMH OT MPHMHTHBHBIX BbICKa3bIBAHHH JO OTHOCHTebHO 
CJIOMKHBIX, AHAIM3HPYIOWIMX BCIO JeCATEIbHOCTb HCMbITYeMBIX. | 

B kauecrpe HavOouee XapakTepHbIX MPHMePOB CNOHTAHHBIX peueBBIX peak- 
WMH, BOSHMKAIOWMX y JeTeli NPM BHINOMHEHHH HMA SKCHePHMeHTaMbHBIX 3aya- 
HMM, MPHBOAMM PAX MpoTOKoONOB onbiToB (Tabu. 1). 

Jia peOeHka B Bospacte 3 mer BCe NpeqDABJIeHHBIe 9KCIEPHMeCHTAaJIbHbIE 
3aaHuA ObwIM NOCTATOUHO TpyAHbIMM (O 4eM CBHJeTeENECTBYeT HeMpaBHJIbHOCTb 
TOCTPOCHHA HM BCeX TpeX KOMOMHallMi H3 reomeTpnyeckux duryp). CnonTanubie 
BPICKASbIBAHMA HOCHJIH CpaBHHTe@bHO MPHMHTHBHbIi XapakTep, BbIparxkasch 
COBaMH: «TAK», «BOT», «ClOJJa>, «Takasd». OOpalllaet Ha ce6a BHUMAaHHe, 4TO nipu 
BPINOJIHCHHH MepBOrO 3aaHuA CIOHTAHHad peveBasd peaKIHA HH B Kakoli crene- 
HW He OTHOCHJaCb K JesTembuOcTH peGeHKa. Ham KaxKeTca, 4TO 9TO MOKHO 
OObACHHTb TEM, UTO B aHHOM BospacTe y ere mpeoOmayaeT BOsOyAMTeEAbHDIM 
mpouecc. Kak culeqcTBHe O6tero pacTopMaxKHBaHHA B peun peOeHKa, Korga OH 
NonalaeT B HOBYIO OOCTaHOBKy, NO/TyYaloT OTPaxKeHus COOBITHA, He OTHOCAIHECA 
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Ilpenba Bane- |Bprinonnenve 3aya- 
M bie COpasubi HHA CnouTaHHaa peyeBax peaKkuHa 


I, Jlio6a B., 3 roga 2 mec. Iporoxon onpita 1 II 1956 r. 


Kom6nnauna 1 |Henpasusbyo | «Sl 6onbulaad, a He MajeHbKasa» 

Kom6unauna 2 |Henpasuabuo «Tak, BOT, ClOJa, BOT Tak, Tak» 

KomOnuauna 3 |Henpapunpno «BOT Tak, CTOHT, BOT 9Ta Tak. Emile Takas, BoT Hu RCE? 
II. Bosa I]., 4 roga 3 mec. IIporoxou onpita 3 II 1956 r. 

KomOunauna 1 |[Ipapubyo «1 He yMelo Takve. OTO Kak 93TO cTpouTb? M3 xKy6u- 


KOB. Sesenbie. Bot Tak Hago. IIupamugKu eme. Tax. A re- 
nepb? SeNeHbIxX» 

Kom6unauusa 2 |[IpasastHo no «Takylo Haflo cTpouTb. M3 ky6uxos. Bor tax. A eute 
cbopme, fenaet|kak? Hao oTogBunyts. Kenty1o. Moctponsa» 

OWMHOKH B NOL- 
Oope WBeTOB 
OTC JIbHbIX 
(buryp 
KomOunauna 3 |HenpapnibHo «Tayo? Kak sTo fenatTb? Bort tak. Bort ctoga Hao 
BCyHyTb. Fie Halo KyOuKu. CrombKo Hao. Her ue cTobKo» 


III. Harama M., 5 ner. Mporoxon onpita 31 I 1956 r. 


KomOnxauua 1 |[IpapubHo «jl He 3HalO KaK STO CTpoHTb. Tyr eme. Hao ee 
OAH 3eJleHbIH KYOHK» 

Kom6nuauna 2 |[Ipapnibxo «Takylo cTpouTp. TpH ky6nKa 3eeHbIx. Ha Bropoi HyxK- 
HO 2KeviTbIe. Ja? Tyr ene xenTpIi» 

Kom6nnauna 3 |HenpapuabyHo «TyT HHKak He coctpovTb. Kak Ky6uKH cTaBHTb? A, « 


MOHAJIa Kak. Ciowa ofHy OalleHKy. Cioga Tenepb KyOHyeK» 
IV Teua T., 7 mer 6 mec. IIpotrokxom onpira 11 IV 1956 r. 


KomOunauua 1 |[]papunbyo _— 
Kom6nnauna 2 |IIpasuabyHo «IlponycTHn, Haqo elle »esITHIH KYOuK» 
KomO6nnauns 3 |[]IpapusbHo = 


K JlaHHOMY 9KCNeEPHMeHTaJIbHOMY 3afaHHtO. Sfecb 2%xXe YMeCTHO OTMeTHTb, UTO 
B YKa3aHHOM BO3pacTe HepesKO BCTpedaJlaCb HeraTHBHad peaKUHA MPH MpexpsnsB- 
JIGHHH JKCNEPHMEHTAJIbHOTO 3a,aHHA: «A He yMeloy, «A He OyAy» (mpoToKow II). 
OTOT H€raTHBH3M MbI CKJIOHHbI PaCCMAaTPHBaTb KaK MpOABJIeHHe OOOPOHHTEJIb- 
HOM peak, BbISBAHHOM TPyAHOCTHIO 3afayH, NocTaB/JIeEHHOH nepey peOeHKom. 
Tipu npeabasnenuu KoMOnHallui BOspacrTatolle COxHOCTH y peOeHKa OTMe- 
yaslOCb MOCTeMeHHOe HapylleHHe NpaBHJIbHOCTH NocTpoeHusA. Tak, Hapayy c 
ajleKBaTHOH peakuueH Ha KOMOnHaluIO |, Np npesbaBseHuu Oosee cIO*KHOTO 
3aqaHud (KOMONHalMA 2) HCIbITYeMbIM MWpaBHJIbHO CTPOMT TOMbKO M10 dopme, 
HO JlelaeT OLUHOKH B MOMOope WBeTa OTACIbHbIX TeoMeTpHyeckux duryp. Ilocueg- 
Hee MOXKET ObITb, 0-BUUMOMY, OObSICHEHO TEM, 4TO B YKASAaHHOMBOSpacTe IBeT AB- 
JIACTCA OTHOCHTEJIbHO PU3SHOMOFMYeCKH C1aObIM KOMIOHEHTOM TAKHX OHOBPeMeH- 
HbIX KOMIJICKCHbIX'(MIPeMeTHBIX) pasqpaxkuTeseH, KAKMMU ABJIAIOTCA TeOMeTpHye- 
exue (buryphl. [I1pu JabHeliiem ycIOKHEHHH 3aaHus (KOMOnHALIMSA 3) y ucHbITye- 
Moro HaOulowaeTCaA yxKe NOMHOe HapylleHHe B nepefaye Kak UBeTa, TaK HM POPMbI 
OTJICIDHBIX COCTABJIAIOUAX KOMOMHaLMH. CnOHTaHHasd peyeBas peakIlMsA, COrmpo- 
BOK Lalollad feATebHOCTh UCMbITyeMOrO, OTPaxkaeT Ha3BaHHe OTJ[CJIbHbIX 
MpH3HakoB mpegmetos. Kpome toro, y peOeHka oTMeyaetca Coulee MOAPOOHBIH 
oTueT O cBOeli JesTebHOcTH: «Hao oTO,BHHYTb. Bor cola HaflO BCYHYTb». 
_ B cnowtanHoft peyesol peakunu peOeHka 5 ser HaxoiT orpaxkeHHe OfHO- 
BpeMeHHO 06a MIpH3HaKa MpefMeTOoB: «SeuleHbI KyOuK». HicnombsyetTcs cuer. 
B 7-eTHeM BO3pacTe CIOHTAHHaA peveBanw peakI[MA MeHee OOMJIbHa MO CpaB- 
HeHMIO C BbICKa3bIBAHHAMH JeTeH Ooslee MIaMWHX BOSPaCcTHbIX rpylil, OMHAKO OHa 
elOKHee MO CBOeMY COJep2KaHHI0: CAeNaB OWINOKY, UCIIbITYeMbI UCMpaBJAeT EC, 
COnpoBoxwK lat UCMpaBieHHe CJIOBECHbIM ONpeeeHHeM CBOeH MeATeJIbHOCTH. 
Takum 06pa30M, Mo Mepe yBeMYeHHA BOSpacta peOeHKa YCOMKHACTCA CNOH- 
raHHad pevepand peaklus, OTparkad BCe Ooee NOIHY!O OPHEHTHPOBKy HCMbITYEMO- 
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ro B OKPy2KalOUlUX Mpemerax u Oosee TOHKOe aHaJIM3HPOBaHHe UM 9KCMepuMeH 
raJIbHbIX 3a/jaHHi. 

B cBa3u C TeM, UTO CMOHTAaHHbIe peyeBble peakUMH HaO/OTaMCb HE y BCexX 
HCIIbITYeMBIX, BO3HHK BOMpPOC: CBA3aHO JIM OTCYTCTBH€ CMOHTAHHOH PCueBOH 
peakWMH C HefopasBUTHeM ped JIM OHO ABIACTCA PCsybTATOM HeajJleKBaTHO + 
CTH 9KCHeEPHMeHTAaJI bHBIX 3alanui ? Jina pewienua 9TOFO BONPOCa MBI IIpOBeJIM OMbI+ 
ri C MpebABMeHHeM Oosee CAOKHbIX KOMOMHAMMH U3 Pas/IM4HBIX OObEMHEIX 

IBeCTHBIX TeomMetpuyueckux duryp. B pesyjbTate 

oKa3al0cb, 4TO y PxAa HCIIbITYeMbIX, Y KOTOPbI 

He HaOsmOLa0Cb BbICKa3bIBAaHHH MPH BbIMOJIHeHMK 
. TIPOCTHIX 3aflau, yCO*KHeHHe 9KCMePHMeHTaAbHOr 

3aJlaHHA CHOCOOCTBOBAaJIO BOSHHKHOBeEHHIO CIOHTAH 

HOH peyeBol peakiuu. B Tex Cjlydaax, Kora Mbi 

HaOwlojalH HasIMuHe CNOHTAHHbIX BbICKa3bIBaHuy 

MIpW BbIMOJIHEHHM OTHOCHTeJIbHO MPOCcTbIX 3a]au 

(KoMOuHaluu 1, 2 u 3) yculOwKHeHMe SKCTePuMeH- 

TaJIbHbIX 3aaHH BesIO K HCUCSHOBEHHIO BbICKa3bl- 

BaHuit. Bauanue yCIOXKHCHHA 9KCIEPHMCHTAJIbHBI 

3alaHuii Ha CNOHTaHHy!0 peuveBylo peakIHto Jeers 

Pa3HbIX BO3SPaCTHBIX Tpymm mpeycraBseHo rpadu+ 

yecKkH Ha pyc. 2. M3 quarpaMMbl BUAHO, 4TO Ip 
Puc. 2. Bosuuxnopenue (Bepx- ycCIOKHEHHM 3aanHA HanOOJIbUIMH MpOleHT cnoH+ 
Hid MAaCTh kMarpaMMb!) H TOP- panyErx peaKIMli BOSHHKaeT y eTeli 6—7 ser, 
pa) ee nity eh TOpMoxmxkeHHe %Ke CNOHTAHHBIX PeUeBbIX PeaKIMH 
peakiuH y fleTeit pagHbIxX BO3- JaAHHbIX YCJIOBHAX OIbITOB HMCCT MECTO B HaHOoub- 
pacTHBIx rpyln Mp ycnoxwKHe- eM MpolweHTe clyyaeB y eTeh 4 u 5 met. H 
aes iB” pepanclnodies pers CHOHTaHHy1O peyeByloO peakuio Jere 3-seTHer 
hpouentax K uneay ucnbitye- BOSPaCTa yCTOAKHEHHE SajlaHus He OKa3a/l0 Cy- 
MbIX KaxKoH BospactHoirpyn- ULeCTBeHHOrO BJINAHHA. 
‘bt, Y KOTOpbIxX paHee He Ha- Syecb %Ke YMeCTHO yKa3aTb, 4TO CNOHTAHHBIK 
OmoAalach CHOHTAHHEIX Pede-  Bricka3bIBaHHA, HaGOwJOMaBIIMecd y MCIbITyYeMbIM} 
BbIX PeaKUWH: B HH*KHeH Ya- 
cl —B mpouentax x uncay [PH MpeAbABMCHMM OTHOCHTENHO MPOCTHIX sajlau} 
HCNbITYe€MBIX, Y KOTOPbIX paHee YTaCaJIM MO Mepe MOBTOPeCHHA ONBITOB. OnHako OH}) 
OTMeYaJIMCb CMOHTAHHbIe peye- TIOABJIAIHCb CHOBA IPH MpeASABeHHH Oomee CO%*K 

igh het ie HOPO 9KCIe€PHMeHTaIbHOrO 3amanuA. Crenyer or} 
MeTHTb, 4TO YIPOUeHHe 3aaHHH cmocobcTBOBaAd 
BOSHHKHOBCHHIO CIOHTAHHbIX PeUeBbIX peak y MeTelt 3-eTHerO BO3pacTa) 

TakHM OOpa3soM, OMBbITHI C IpeAbABMEHHeM 3aaHuli pasHOM cTeneHu COX | 
HOCTH JaJIM BO3MOXHOCTh OOHAPYXHTb ONPeWeeCHHY!O 3ABHCHMOCTb BO3HUKHO! 
BCHHA CMOHTAHHOM peveBOl peakI{MH OT BO3PacTa HCIbITYeMbIX H ae@KBaTHOCTI 
SKCNEPHMEHTAJIbHOTO 3ajaHHa. 

TlosyuenHple (pakTbl, a HMeHHO: 

1) MOABJIeHHe CNOHTAHHBIX BbICKAaSbIBAHUH IPH MPeLbABNCHHM CIOXKHBIX 3a 
au B TeX CJlyuaix, KOra HX He ObMIO MPH BHINOMHEHHH MpOCTHIX 3aaHuil 
(yeta 6—7 ser); 

2) UCUesHOBeHHe peveBOl peakItHH TPH yCMOKHeHHU 3aaHua B Tex cay} 
Waax, KOra JaHHad peaKUMA HMeIa MeCCTO IPH NPeASABJICHHM MpOCTHIX 3aya% 
(qeta 4—5 ser); 

3) yralleHve CHOHTAHHbIX BbICKa3bIBaHHit MO Mepe HOBTOPeHHA OMBbITOB 
BOcCTaHOBJIeCHHe HX MpH pelueHHu HOBOTO Goee COMHOFO 3aaHHs; 

4) MlOABJIeHHe CNOHTAHHBIX peveBBIX peakiuit y Metelt 3-eTHero Bo3spacry 
IPH YNpOUWeHHH 3aaHun — 
AalOT OCHOBAHHE CUMTATb, YTO CHOHTAHHAA peveBad peaKUMA B aHHOM culyyal 
MO2KCT PacCMaTPHBAaTbCH KaK OHA M3 CTOPOH MpOABeHHA opveHtTHpoBounor 
pesleKca, UMeIolero HeUTO O6MIee ¢ TOL ero cbopmott, Kotopyro HM. II. Tasano} 
Ha3sBall pedwiekcom «YUtTo TaKoe?». 
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